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PREFACE. 


The  object  of  this  book  is  to  impart  a  knowledge  of 
Pattern  Making  that  shall  be  useful  to  apprentice  Pattern 
Makers,  and  also  to  practical  machinists,  because  the  draw- 
ings of  the  designer  do  not  as  a  rule  give  any  instructions 
as  to  the  construction  of  the  patterns,  while  at  the  same 
time  that  construction  may  affect  to  a  considerable  degree, 
the  manipulations  of  the  machinist. 

Furthermore,  it  often  occurs  in  the  experience  of  a  gen- 
eral machinist,  that  he  is  required  to  make  a  pattern  either 
in  iron  or  wood,  and  the  complete  isolation  which  usually 
exists  between  the  pattern  shop  and  the  machine  shop,  is 
an  effective  bar  to  the  acquisition  of  knowledge  by  obser- 
vation. 

The  information  is  given  from  actual  pattern  shop  prac- 
tice, and  in  the  ordinary  workshop  parlance. 

The  Tables  have  been  selected  with  a  view  to  a  collec- 
tion comprising  all  that  the  Pattern  Maker  of  the  widest 
experience  requires  j  arranged  for  his  convenience,  although 
in  as  compact  a  form  as  possible. 
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Pattern  Maker's  Assistant. 


CHAPTER  I. 

PATTERN  MAKING. 

THOSE  savans  who  have  read  our  old  earth's  unwritten 
history  in  and  from  its  strata,  tell  us  that,  in  ages  far  remote, 
men  made  tools  and  contrivances  of  bronze,  which,  being  an 
alloy,  necessitated  the  fusion  and  casting  of  the  metal.  This 
casting  involves  the  use  of  patterns,  and  pattern  making 
may  therefore  lay  claim  to  the  highest  antiquity.  But 
the  modern  idea  of  the  division  of  labor  has  exalted  it  to  be 
a  distinctive  art ;  in  the  last  generation,  for  instance,  a  good 
machinist  (or  rather  engineer  or  millwright,  for  those  terms 
were  then  applied  to  builders  of  machinery,)  was  required  to 
be  alike  expert  in  working  upon  both  wood  and  metal.  He 
constructed  his  framing  of  wood,  and  made  the  patterns  for 
bis  cast  metal  work ;  he  was  to-day  a  lathe  hand,  to-morrow 
a  vise  hand. 

As,  however,  the  present  age  of  iron  dawned,  it  became 
apparent  that  working  in  wood  and  in  metal  must  be  sepa- 
rated, not  only  because  the  handiwork  could  be  more  cheaply 
produced  by  reason  of  the  increased  skill  arising  from  con- 
tinuous practice,  but  also  because  the  amount  of  knowledge 
required  to  make  an  artisan  skillful  in  either  the  manu- 
facture of  wood  or  of  iron,  was  too  gTeat  to  be  thoroughly 
mastered  in  the  working  lifetime  of  an  ordinary,  or  even  an 
unusually  expert  workman.    Hence  modern  intelligence 
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soon  discovered  that  better  as  well  as  cheaper  work 
could  be  obtained  by  a  i)ractical  education  in  one  particular 
branch  of  usefulness,  and  hence  pattern  making  has  taken 
its  place  as  a  specialty.  The  field  of  usefulness  of  cast  iron 
has  developed  to  a  remarkable  extent  during  the  last 
twenty  years,  and  the  same  remark  applies  to  cast  steel 
during  the  last  ten  years;  both  of  these  materials  are 
steadily  encroaching  upon  the  domain  of  usefulness  of 
wrought  iron,  stone,  and  bricks  and  mortar.  So  tbafc  the 
field  of  application  for  pattern  making  is  stretching  out- 
ward and  onward,  to  the  discomfiture  of  its  rivals.  From 
these  considerations,  we  may  readily  perceive  that  a  real 
proficiency  in  pattern  making  will  exercise  to  the  utmost 
the  skill  of  the  workman,  on  account  of  the  unceasing  va- 
riety of  the  patterns,  in  form  and  in  the  purposes  for  which 
they  are  designed ;  and  the  advantage  of  a  retentive  mem- 
ory is  evident  when  we  consider  that  years  may  elapse  ere 
the  same  pattern  maker  may  be  called  upon  to  exercise 
his  skill  upon  the  same  or  a  similar  piece  of  work.  In  tbis 
art,  there  are  to  be  considered  many  details  that  are  seldom 
or  never  shown  in  drawings;  such,  for  instance,  as  tbe 
amount  necessary  to  allow  on  the  i)attern  for  finishing 
certain  parts  of  a  casting,  and  on  what  part  such  allow- 
ance is  required ;  and  the  method  which  has  been  proved 
by  experience  to  be  the  safest  and  most  expeditious  in 
molding  from  a  certain  kind  of  pattern.  But  above  all 
these  considerations  lies  the  fact  that  drawings  merely  show 
the  shape  which  the  finished  pattern  is  required  to  have, 
leaving  it  entirely  to  the  judgment  of  the  pattern  maker  to 
elect  in  what  way  the  various  pieces  of  wood  (of  which  the 
pattern  is  constructed)  shall  have  the  grain  lie,  and  how 
they  shall  be  fastened  or  held  together.  There  is,  it  is  tnie, 
an  unwritten  practice  which  has  obtained  universal  observ- 
ance in  particular  branches  of  pattern  making;  but  in  the 
newer  fields  into  which  the  art  luis  advanced  and  is  ad- 
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A'^aiiciug,  tliis  unwritten  practice  is  merely  in  the  process 
of  formation,  which  state  of  things  must  continue  so  long 
as  casting  is  discovered  to  have  new  arenas  of  application. 
A  goodly  store  of  well  remembered  experience  is  therefore 
invaluable  to  the  pattern  maker;  and  this  being  so,  the 
quicker  it  is  obtained  the  better.  Hence  the  learner  should 
always  keep  a  record  of  the  work  which  falls  under  his 
observation,  in  which  record  the  sizes  and  proportions  of 
the  work,  the  method  of  putting  it  together,  the  time  taken 
in  its  ])roduction,  and  (if  possible)  whether  the  castings 
were  satisfactory,  noting  the  defects  in  the  latter,  if  any, 
together  with  suggestions  for  the  remedy  of  those  defects. 
A  pen  and  ink  sketch  of  the  pattern  made  in  the  margin 
will  add  to  the  usefulness  of  the  record,  besides  accustom- 
ing the  hand  to  making  correct  sketches  and  elucidating 
the  exi)lanatioii.  The  operative's  intelligence  will  be  nuich 
exercised  in  the  shaping  and  building-up  of  iiatterns,  de- 
pending as  this  does  on  the  strength  of  the  material  of 
which  the  casting  is  to  be  made,  the  strength  of  the  i^attern 
itself,  and  the  desirability  of  its  molding  well.  Dr.  An- 
drews has  well  said  (in  the  English  3fcchanic) :  "  The  cor- 
rect forms  to  be  given  to  the  materials  employed  in  the 
construction  of  tools  or  machinery  depend  entirely  upon 
natural  principles.  Natural  form  consists  in  giving  to  each 
part  the  exact  i^roportion  that  will  enable  it  to  fidfdl  its 
assigned  duty  with  the  smallest  expenditure  of  material, 
and  in  placing  each  i)ortion  of  the  materials  under  the  most 
favorable  conditions  of  position  that  the  circumstances  will 
admit  of.  Such  natural  form  is  not  only  the  most  economi- 
cal, but,  strange  to  say,  it  is  always  correct  in  every  respect, 
and  is  invariably  beautiful  and  lovely  in  its  outlines." 

I  may  now  mention  the  qualitications  necessary  to  en- 
able an  artisan  to  become  a  good  pattern  maker :  First : 
As  the  idea  ot  the  size  and  contour  of  the  article  or  work 
required  will  be  conveyed  to  him  by  drawings,  it  is  neces- 
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sary  that  he  should  be  conversant  with  the  principles  of 
mechanical  and  architectural  drawing;  and  it  maybe  of 
great  advantage  to  him,  though  it  is  not  absolutely  neces- 
sary, to  be  able  to  make  such  drawings.  It  is  too  often 
the  case  that  the  apprentice  pattern  maker  gains  his  knowl- 
edge of  drawing  from  the  drawings  from  which  he  operates, 
wliich,  being  simple  in  the  first  case,  and  becoming  compli- 
cated only  after  the  lapse  of  two  or  three  years,  makes  the 
acquisition  of  a  knowledge  of  drawing  possible  without 
either  study  or  application ;  but  the  result  is  that,  so  soon 
as  he  is  called  upon  in  a  new  field  of  action,  upon  a  descrip- 
tion of  work  different  from  that  to  which  he  has  been  ac- 
customed, he  becomes  timid,  gets  confused,  finds  it  neces- 
sary to  ask  many  questions  upon  and  concerning  various 
parts  of  the  drawings,  and  then  does  not  obtain  credit  for 
the  amount  of  ability  to  which  his  skill  in  handling  his  tools 
perhaps  entitles  him.  Furthermore,  a  knowledge  of  draw- 
ing will  enable  him  to  learn  his  trade  in  a  comparatively 
short  space  of  time,  and  give  him  confidence  in,  and  a  re- 
tention of,  that  which  he  has  already  learned.  Secondly : 
He  should  be  i^erfectly  familiar  with  the  operations  of  the 
brass  and  iron  founder,  as  it  is  by  him  that  patterns  will 
be  used  to  produce  the  required  forms.  The  pattern  must 
be  so  made  that  a  mold  can  be  made  from  it,  and  that  it 
ra  ay  be  made  in  the  most  expeditious  manner.  The  pattern 
maker,  it  must  be  remembered,  determines  how  the  mold- 
er  is  to  mold  the  pattern,  so  that  the  latter  is  controlled  in 
his  operations  by  the  former.  For  the  benefit  of  those 
who  have  been  unable  to  devote  sufficient  time  to  the 
work  of  the  foundery,  it  will  be  necessary,  as  we  proceed, 
to  explain  the  operations  of  molding  different  kinds  of  pat- 
terns, selecting  those  which  will  best  serve  as  a  key  to  the 
whole.  Thirdly :  The  pattern  maker  must  be  acquainted 
with  some,  at  least,  of  the  properties  of  the  metals  of 
which  the  castings  from  his  patterns  are  to  be  made;  such, 
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for  instance,  as  how  they  behave  in  passing  from  the  fluid, 
to  the  solid  state,  the  strains  to  which  a  casting  is  sub- 
ject during  this  transition,  to  what  extent  those  strains 
may  be  modified  by  alterations  of  proportion  or  shape  in 
the  pattern,  the  shrinkage  of  castings,  and  the  alteration 
in  form  which  takes  place  in  the  cooling  of  castings  of 
various  sizes  and  shapes.  Fourthly :  He  should,  if  pos- 
sible, add  to  the  above  qualifications  a  general  knowledge 
of  the  manner  of  fitting  up  the  different  kinds  of  work  for 
which  patterns  are  used. 

With  regard  to  the  first  requirement,  itis  not  my  purpose 
to  enter  into  the  subject  of  mechanical  drawing,  which  is 
treated  of  in  books  devoted  exclusively  to  that  subject. 
With  regard  to  the  second,  I  shall,  as  already  stated,  refer 
to  it  hereafter.  The  third  I  shall  consider  after  I  have 
treated  upon  timber,  and  tools ;  and  the  fourth  can  only  be 
obtained  by  watchfulness  on  the  part  of  the  student  as  to 
what  is  bemg  done  in  the  workshop  in  which  he  is  engag- 
ed. This  latter  may  seem  a  trivial  matter ;  but  I  have  on 
several  occasions,  by  watching  where  certain  castings  re- 
quired to  be  most  operated  upon  in  the  machine  or  vise, 
had  a  pattern  altered,  makingitapparently  of  an  incorrect 
form,  with  the  result  that  the  time  necessai-y  to  fit  the  work 
was  reduced  by  one  half  This  subject,  however,  will  bo 
treated  upon  in  its  proper  place. 

Of  the  different  kinds  of  wood  ser^^ceable  to  the  pattern 
maker,  pine  is,  for  many  reasons,  usually  employed.  It 
should  be  of  the  best  quality,  straight-grained,  and  free  from 
knots ;  it  is  then  easy  to  work  in  any  direction,  possessing 
at  the  same  time  sufficient  strength  for  all  but  the  most  del- 
icate kinds  of  work,  and  having  besides  the  quality  of  cheap- 
ness to  recommend  it.  Care  taken  in  its  selection  at  the  lum- 
ber yard  will  be  amply  repaid  in  the  workshop.  When  it 
is  straight-grained,  the  marks  left  by  the  saw  will  show  an 
even  roughness  throughout  the  whole  length  of  the  plank; 
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and  the  rougher  the  appearance,  the  softer  the  plank. 
That  which  is  sawn  comparatively  smooth  will  be  found 
hard  and  troublesome  to  work.  If  the  plank  has  an  une- 
ven appearance— that  is  to  say,  if  it  is  rough  in  some  parts 
and  smooth  in  others — the  grain  is  crooked.  Such  timber 
is  known  to  the  trade  as  catfaced.  In  planing  it,  the 
grain  tears  up,  and  a  nice  smooth  surface  cannot  be  obtain- 
ed. Before  purchasing  timber,  it  is  well  to  note,  what  con- 
venience the  yard  possesses  for  storing.  Lumber  on  the 
pile,  though  it  be  out  in  all  weathers,  does  not  deteriorate, 
but  becomes  seasoned;  nevertheless  its  value  is  much  in- 
creased  if  it  has  an  extemporized  roof  to  protect  it  from 
the  sun  and  rain ;  but  as  it  is  not  convenient  to  visit  the 
pile  for  every  customer,  quantities  are  usually  taken  down 
to  await  sale,  and  for  such,  a  shelter  must  be  provided, 
otherwise  it  will  be  imi)ossible  to  insure  that  the  lumber  is 
dry,  sound,  and  fit  for  pattern  making ;  it  being  obvious  that 
the  foregoing  remarks  on  the  storage  of  lumber  aj^ply  to 
all  woods. 

The  superiority  of  pine  for  pattern  making  is  not,  how- 
ever, maintained  when  we  come  to  fine  dehcate  patterns  or 
patterns  requiring  great  durability.  When  patterns  for 
fine  work,  from  which  a  great  many  castings  are  to  be  made, 
are  required,  a  pattern  wherefrom  to  cast  an  iron  pattern 
is  improvised,  because,  if  pine  were  employed,  it  would  not 
only  become  rapidly  worn  out,  but  would  soon  warp  and  be- 
come useless.  It  is  true  that  a  pine  pattern  will  straight- 
en more  easily  than  one  made  of  a  hard  wood  j  but  its 
sphere  of  usefulness  in  fine  patterns  is,  for  the  above  rea- 
sons, somewhat  limited.  Iron  patterns  are  very  desirable 
on  account  of  their  durability,  and  because  they  leave  the 
sand  easily  and  cleanly,  and  because  they  not  only  do  not 
warp,  but  are  also  less  liable  than  wooden  ones  to  give  way 
to  the  sand,  while  the  latter  is  being  rammed  around  them 
by  the  molder — a  defect  that  is  often  experienced  with  light 
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patterns,  especially  if  they  are  made  of  pine.  Iron  patterns, 
however,  are  expensive  things  to  make,  and  therefore  it  is 
that  mahogany  is  extensively  employed  for  fine  or  durable 
pattern  work.  Other  woods  are  sometimes  employed,  be- 
cause they  stand  the  rough  usage  of  the  molding  shop 
better  and  retain  the  sharp  corners,  which,  if  jnne  be  used, 
in  time  become  rounded,  impairing  the  appearance  of  the 
casting.  Mahogany  is  not  liable  to  warp,  nor  subject  to 
decay ;  and  is  for  these  reasons  the  most  desirable  of  all 
woods  employed  in  pattern  making,  providing  that  first 
cost  is  not  a  primary  consideration.  There  are  various 
kinds  of  this  beautiful  wood,  that  known  as  South  Ameri- 
can mahogany  being  chiefly  used  for  patterns. 

Kext  to  mahogany  we  may  rank  cherry,  which  is  a  very 
durable  wood,  but  more  liable  to  twist  or  warp  than  mahog- 
any, and  it  is  a  little  harsh  to  the  tool  edge.  If,  however, 
it  is  stored  in  the  workshop  for  a  length  of  time  before  be- 
ing used,  rehable  patterns  may  be  made  from  it.  In  addi- 
tion to  these  woods,  walnut,  beech,  and  teak  are  some- 
times employed  in  pattern  making. 

The  one  property  in  all  timber  to  be  specially  guarded 
against  is  its  tendency  to  warp,  bend,  expand,  and  con- 
tract, according  to  the  amount  of  humidity  in  the  atmos- 
phere. Under  ordinary  conditions,  we  shall  be  right  in 
supposing  a  moisture  to  be  constantly  given  off  from  all 
the  exposed  surfaces  of  timber ;  therefore  planks  stored  in 
the  shop  should  be  placed  in  a  rack  so  contrived  that  they 
do  not  touch  one  another,  so  that  the  air  may  circulate  be- 
tween the  planks,  and  dry  all  surfaces  as  nearly  alike  as 
possible.  If  a  plank  newly  planed  be  lying  on  the  bench 
on  its  flat  side,  the  moisture  will  be  given  off  freely  from 
the  upper  surface,  but  will,  on  the  under  surface,  be  con- 
fined between  the  bench  and  the  plank :  the  result  being 
that  a  plank,  planed  straight  and  left  lying  as  described, 
will  be  found^  even  in  an  hour,  to  be  curved,  from  the  con- 


18  PATTERN  MAKEE^S  ASSISTANT. 

traction  of  the  upper  surface  due  to  its  extra  exposure  ; 
and  therefore  it  is  that  lumber  newly  planed  should  be 
stored  on  end  or  placed  on  edge.  Lumber  expands  and 
contracts  with  considerable  force  across  the  grain ;  hence  if 
a  piece  even  of  a  dry  plank,  be  rigidly  held  and  confined 
at  the  edges,  it  will  shrink  and  rend  in  twain,  often  with  a 
loud  report.  There  is  no  appreciable  alteration  length- 
%vise  in  timber  from  the  above  causes;  and  if  two  pieces 
be  glued  together  so  that  the  grain  of  one  crosses  that 
of  the  other,  they  can  never  safely  be  relied  upon  to  hold. 
Hence  they  had  better  be  screwed,  so  that  there  will  be 
a  little  hberty  for  the  operation  or  play  of  the  above 
forces,  while  the  screws  retain  their  hold.  The  shrirdvage 
expansion,  and  warping  of  timber  may  perhaps  be  bet^ 
ter  understood  by  considering  as  follows :  The  pores  of 
wood  run  lengthwise,  or  with  its  grain,  and  hence  the 
moisture  contained  in  these  passes  off  more  readily  endwise 
or  from  any  surface  on  wliich  the  pores  terminate.  Then 
again  the  wood  shrinks  precisely  in  proportion  in  which 
the  moisture  leaves  it;  and  if  we  have  full  knowledge  of 
the  direction  of  the  grain,  and  of  the  position  in  which  a 
piece  of  timber  stands  or  lies,  we  can  (all  other  things  be- 
ing equal,  that  is  to  say,  supposing  there  to  be  no  artificial 
heat  or  other  disturbing  cause  operating  on  one  more  than 
on  another  side  of  it)  predicate  in  what  direction  it  will  warp. 
Thus,  let  A,  Fig.  1,  be  a  piece  of  timber  having  the  direction 


of  its  gi-ain  as  denoted  by  the  lines ;  then  its  surface,  B  B, 
which  has  the  grain  and  pores  terminating  upon  it,  would  al- 
low free  exit  of  the  moistui-e,  and  that  face  would  diy  first 
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(especially  if  it  lay  uppermost)  and  would  contract  the  most, 
so  that  after  a  time  the  shape  of  the  piece  would  be  curved, 
as  shown  in  Fig.  2.  Now  if  it  had  been  placed  to  lay  with  the 
face,  C,  uppermost,  the  warping  would  have  been  much  less, 
because  the  extra  porosity  of  the  face,  BB,  would  have  been 
counteracted  by  the  lack  of  circulation  of  air.  If,  on  the  oth- 


er hand,  it  was  placed  endwise,  the  warping,  though  it  would 
have  taken  place,  would  have  been  appreciably  less.  It 
must  not  be  supposed  that  thoroughly  seasoning  the  timber 
will  remove  the  tendency  to  warp,  for  timber,  however  long 
and  carefully  it  has  been  dried  or  seasoned,  undergoes  con- 
siderable transformation  of  shape  so  soon  as  much  of  its 
outer  surface  is  removed,  making  it  appear  that  the  season- 
ing or  drying  process  takes  place  mainly  at  and  near  the 
outer  surfaces,  and  is  renewed  every  time  an  entirely  new 
surface  is  presented  to  the  action  of  the  atmosphere.  Thus,  if 
we  take  a  thoroughly  seasoned  piece  of  wood  3  inches  square 
and  1  foot  long,  and  cut  it  into  strips  1  inch  square  and  1 
foot  long,  the  pieces  will  warp  in  a  day  or  so ;  and  if,  after  a 
few  days,  we  take  those  inch  strips  and  cut  them  into  strips 
}l  inch  square  and  1  foot  long,  these  latter  will  again  warp ; 
and  no  matter  what  pains  might  be  taken  with  these  last 
strips  to  season  them  and  let  them  assume  their  new  shape, 
were  we  to  cut  them  into  thin  veneers  the  warping  process 
would  again  set  in.  It  is  well,  therefore,  in  particular  work, 
to  cut  out  roughly  the  various  parts  of  the  pattern,  so  that, 
while  some  parts  are  being  operated  upon,  the  others  may 
be  assuming  their  new  shape,  and  thus  become  not  so  liable 
to  warp  after  being  worked  up  in  the  pattern. 
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TOOLS,  ETC. 

One  of  our  first  requisites  in  the  way  of  tools  and  appli- 
ances  will  be  a  carpenter's  bench,  which  may  be  made  as 
foUows :  Three  pieces  of  stuff,  2x5  inches  and  3  feet  long, 
will  serve  for  supports  for  the  top.  Two  12  inch  boards,  12 
feet  long  and  1  inch  thick,  will  do  for  the  sides.  Nail  these 
side  boards  firmly  to  the  2x5  inch  cross  pieces,  and  put  on  a 
top  of  suitable  material,  and  the  bench  is  ready  for  the  legs. 
Kow  take  four  pieces  of  stuff,  2x5  inches,  and  of  the  requi- 
site hight  for  the  legs,  and  frame  a  piece  1x3  inches 
across  each  pan-  of  legs,  about  6  mches  from  the  bottom, 
placing  the  legs  at  the  distance  apart  necessary  for  the 
width  of  tlie  bench.  Then  cut  a  fork  or  slit  in  the  top  end 
of  each  leg,  so  as  to  straddle  the  cross  piece  at  the  ends,  and 
put  a  bolt  3i^x^  inches  through  each  leg  and  through  the 
side  boards,  and  the  bench  will  be  complete ;  and  it  will 
possess  tlie  advantage  that  it  can  be  taken  down  in  a  few 
minutes  by  removing  the  bolts  from  the  logs. 

The  jack  plane  is  employed  for  roughing  off  the  surface 
timber ;  the  stock  is  made  of  beech  and  the  blade  of  cast 
steel.   The  blade  acts  most  effectively  when  it  is  ground 
well  away  toward  the  corners,  thus  producmg  a  curved  edge 
as  shown  in  Eig.  3.   When  the  blade  is  placed  in  the  stock,' 


and  in  position  to  cut  off  the  largest  amount  of  stuff,  its  cut- 
ting edge  should  protrude  thi'oi^gh  the  face  of  the  stock 
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about  a  sixteenth  of  an  inch,  while  the  comers,  A  B,  are 
about  level  with  the  face  of  the  stock.  The  beveled  face 
should  stand  at  about  an  angle  of  50°  to  the  flat  face.  The 
grindstone  should  be  kept  true  and  liberally  supplied  with 
water  j  the  straight  face  should  not  be  ground  away,  nor 
indeed  touched  upon  the  stone.  The  pressure  with  whic^^  ' 
the  blade  is  held  agaiust  the  grmdstone  should  be  slight  'X, 
at  and  toward  the  finishing  part  of  the  grinding  process,  so 
as  not  to  leave  a  long  ragged  burr  on  the  end  of  the  blade, 
as  is  sure  to  be  the  case  if  much  pressure  is  applied ;  and  it 
will  occur  to  a  shght  extent  even  with  the  greatest  of  care. 
The  blade  should  not  be  held  still  upon  the  grindstone,  no 
matter  how  true,  flat,  or  smooth  the  latter  may  be ;  but  it 
should  be  moved  back  and  forth  across  the  width  of  the 
stone,  which  will  not  only  grind  the  blade  bevel  even  and 
level,  but  wiU  also  tend  to  keep  the  grindstone  in  good  or- 
der. 

If  a  grindstone  is  in  excellent  condition  (that  is,  true, 
flat,  and  level,  or  slightly  rounding),  as  it  should  be,  it 
tempts  the  workman  to  grind  the  plane  blade  with  the  stone 
running  toward  him,  as  shown  in  Fig.  4,  for  the  foUowing 
reasons :  If  the  stone.  A,  travels  in  the  direction  of  the  arrow, 
C,  the  plane  blade,  B,  will  relieve  the  abrasion  of  the  stone 


at  the  cutting  edge  first,  thus  leaving  it  clean  and  with  no 
tendency  to  leave  a  long  ragged  edge  j  but  if  the  blade  were 
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held  ou  the  other  side  of  the  stone,  that  is  to  say,  with  the 
stone  running  from  the  operator,  as  shown  in  Fig.  5,  there- 
salt  will  be  a  long  ragged  edge  on  the  plane  blade,  espe- 
cially if  much  pressure  be  placed  on  the  blade. 


In  Fig.  5,  A  represents  the  grindstone,  B  the  plane  blade, 
and  0  the  direction  in  which  the  grindstone  is  supposed  to 
revolve :  in  which  case  it  becomes  evident  that  the  plane 
blade  will  receive  at  its  edge  some  pressure  in  the  direction 
of  the  arrow,  D ;  and  the  metal  at  the  cutting  edge  of  the 
blade,  being  very  thin,  gives  way  to  this  pressure  and 
bends  back  instead  of  abrading  off,  lea\ing  a  long  feather 
edge,  as  shown  in  Fig.  6,  from  A  to  B.  This  edge  breaks 
off  in  many  cases  further  back  than  it  should  do,  and  in- 
evitably breaks  off'  when  the  blade  is  applied  to  the  oil- 
stone, leaving  upon  the  face  of  the  oilstone  particles  of  steel 
which  must  be  removed  before  a  good  edge  can  be  secured 


to  the  tool.  As  a  rule,  however,  this  feather  edge  is  broken 
off  by  tappmg  the  blade  on  the  palm  of  the  hand,  or  it  may 
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be  removed  by  passing  the  edge  lengthwise  on  a  piece  of 
wood.  It  is,  however,  better  to  hold  the  blade  as  shown  in 
Fig.  4  J  but  there  are  other  considerations  which  sometimes 
render  this  impracticable.  For  instance,  if  the  stone  is  out 
of  true,  the  high  spots  will  strike  against  the  cutting  edge, 
and  render  it  impossible  to  hold  the  blade  steadily,  and 
hence  impossible  to  grind  it  true.  If  the  stone  has  soft 
spots  in  it,  as  most  stones  have,  the  blade  will  dig  in  those 
soft  spots,  and  wiU  also  be  thrown  off  the  stone  when  en- 
countering an  unusually  bard  spot.  K,  in  consequence  of 
digging  in  a  soft  spot,  the  blade  catches,  the  cutting  edge 
will  be  ground  completely  off;  so  that  it  is  only  under  ex- 
ceptional and  unusual  circumstances  that  the  blade  can  be 
ground  in  the  position  shown  in  Fig.  4.  It  is  better,  there- 
fore, to  grind  it  in  the  position  shown  in  Fig.  5,  which  is  saf- 
er and  surer.  In  oilstonin  g  a  plane  blade,  the  straight  face 
should  be  held  quite  level  with  the  face  of  the  oilstone,  so  that 
the  cutting  edge  may  not  be  beveled  off.  Not  much  applica- 
tion to  the  oilstone  is  necessary  to  the  straight  face,  because 
that  face  is  not  ground  upon  the  grindstone,  and  it  only 
requires  to  have  the  wire  edge  or  burr  removed,  leaving  an 
oilstone  polish  all  along  the  cutting  edge.  The  oilstoning 
should  be  performed  alternately  on  the  flat  and  beveled 
faces,  the  blade  being  pressed  very  lightly  on  the  oilstone 
toward  the  last  part  of  the  operation,  so  as  to  leave  as  fine  a 
wire  edge  as  possible.  The  wire  is  the  edge  or  burr  which 
bends  or  turns  over  at  the  extreme  edge  of  the  tool,  in  con- 
sequence of  that  extreme  edge  giving  way  to  the  pressure 
of  the  abrading  tool,  be  it  a  grindstone  or  an  oilstone.  This 
wire  edge  is  reduced  to  a  minimum  by  the  oilstone,  and  is 
then  so  fine  that  it  is  practically  of  but  little  account ;  tore- 
move  it,  however,  the  plane  blade  or  iron  may  be  buffed 
backwards  and  forwards  on  the  palm  of  the  hand. 

The  iron  being  sharpened,  we  may  screw  the  cover  on,  ad- 
justing it  so  that  its  edge  stands  a  shade  below  the  corners 
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of  tlie  iron,  and  tlien  screwing  it  tight ;  the  blade  or  iron  and 
the  cover  must  now  be  iilaced  in  the  mouth  of  the  plane 
stock,  and  adjusted  in  the  following  manner :  The  plane 
iron  should  be  passed  through  the  mouth  of  the  stock  until 
as  much  in  depth  of  it  is  seen  to  protrude  from  the  bottom 
face  of  the  stock  as  is  equal  to  the  thickness  of  shaving  it  is 
intended  to  cut :  to  estimate  which,  place  the  back  end  of 
the  plane  upoa  the  bench,  holding  the  stock  in  the  left  hand 
with  the  thumb  in  the  plane  mouth,  so  as  to  retain  the  iron 
and  wedge  in  position,  the  wedge  being  turned  toward  the 
workman.  A  glance  down  the  face  of  the  stock  -will  be 
sufficient  to  inform  the  operator  how  much  or  how  little  the 
cutting  edge  of  the  iron  protrudes  from  the  face  of  the  i^lane 
stock,  and  hence  how  thick  his  shaving  will  be.  When  the 
distance  is  adjusted  as  nearly  as  possible,  the  wedge  may  be 
tightened  by  a  few  light  blows  of  the  hammer.  If,  after 
tightening  the  wedge,  the  blade  is  found  to  protrude  too 
much,  a  light  blow  on  the  fore  end  of  the  top  face  of  the 
plane  will  cause  it  to  retire.  The  wedge  should  be  tight- 
ened by  a  light  blow  after  it  is  finally  adjusted. 

In  using  a  jack  plane,  we  commence  each  stroke  by  ex- 
erting a  pressure  mostly  on  the  fore  part  of  the  plane,  com- 
mencing at  the  end  and  towards  the  edge  of  the  board,  and 
taking  off  a  shaving  as  long  as  the  arms  can  conveniently 
reach.  If  the  board  is  longer  than  can  be  reached  without 
moving,  we  pass  across  the  board,  planing  it  all  across  at 
one  standing ;  then  we  step  sufficiently  forward,  and  carry 
the  planing  forward,  repeating  this  until  the  jack  planing 
is  completed.  To  try  the  level  of  the  board,  the  edge  or 
corner  of  the  plane  may  be  employed ;  and  if  the  plane  is 
moved  back  and  forth  on  the  comer  or  edge,  it  will  indent, 
and  so  point  out  the  high  place. 

The  fore  plane  (or  truing  plane,  as  it  is  sometimes  called) 
is  made  large,  so  as  to  cover  more  surface,  and  therefore  to 
cut  more  truly.   It  is  ground  and  set  in  the  same  manner 
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as  thejack  plane,  with  the  exception  that  the  comers  of 
the  iron  or  blade,  for  about  one  eighth  inch  only,  should  be 
ground  to  a  very  little  below  the  level  of  the  rest  of  the 
cuttmg  edge,  the  latter  beiugmade  perfectly  straight  (or  as 
near  so  as  practically  attainable)  and  square  with  the  edge 
of  the  iron.    If  the  end  edge  of  the  cover  is  made  square 
with  the  side  edge,  and  the  iron  is  ground  with  the  cover 
on,  the  latter  will  form  a  guide  whereby  to  grind  the  iron 
edge  true  and  square ;  but  in  such  case  the  cover  should 
be  setback  so  that  there  will  be  no  danger  of  the  grind- 
stone touching  it.   The  oilstoning  should  be  performed  in 
the  manner  described  for  the  jack  plane,  bearing  in  mind 
that  the  object  to  be  aimed  at  is  to  be  able  to  make  as 
broad  and  fine  a  shaving  as  possible  without  the  corners  of 
the  plane  iron  digging  into  the  work.   The  plane  iron 
should  be  so  set  that  its  cutting  edge  can  only  just  be  seen 
projecting  evenly  through  the  stock.    In  using  the  fore 
or  truing  plane,  it  is  usual,  on  the  back  stroke,  to  twist  the 
body  of  the  plane  so  that  it  will  slide  along  the  board  on  its 
edge,  there  being  no  contact  between  the  cutting  edge  of  the 
plane  iron  and  the  face  of  the  board,  which  is  to  preserve  the 
cutting  edge  of  the  plane  iron  from  abrasion  by  the  wood ; 
as  it  is  obvious  that  such  abrasion  would  be  lauch  more 
destructive  to  the  edge  than  the  cutting  duty  performed 
during  the  front  stroke  would  be.   The  face  of  the  fore  plane 
must  be  kept  perfectly  flat  on  the  under  side,  which  should 
be  square  with  the  sides  of  the  plane.   If  the  under  side  be 
hollow,  the  plane  iron  edge  will  have  to  protrude  further 
through  the  plane  face  to  compensate  for  the  hollowness  of 
the  latter ;  and  in  that  case  it  will  be  impossible  to  take 
fine  shavings  off  thin  stuff,  because  the  blade  or  iron  will 
protrude  too  much,  and  as  a  consequence  there  will  be  an 
unnecessary  amount  of  labor  incurred  in  setting  and  reset- 
ting the  plane  iron.   The  reason  that  the  under  suiface 
should  bo  square,  that  is  to  say,  at  a  right  angle  to  the  sides 
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of  the  body  of  the  place,  is  because  the  plane  is  sometimes 
used  on  its  side  on  a  shooting  board. 

When  the  under  surface  of  the  plane  is  worn  out  of  true, 
let  the  iron  be  wedged  in  the  plane  mouth,  but  let  the  cut- 
ting edge  of  the  iron  be  well  below  the  surface  of  the  plane 
stock.  Then,  with  another  fore  plane,  freshl^^  sharpened 
and  set  very  fine,  true  up  the  surface,  and  be  sure  the  sur- 
face does  not  wind,  which  may  be  ascertained  by  the  appli- 
cation of  a  pair  of  winding  strips,  the  manner  of  applying 
which  will  be  explained  hereafter.  If  the  mouth  of  a  fore 
plane  wears  too  wide,  as  it  is  apt  in  tune  to  do,  short  little 
shavings,  tightly  curled  up,  will  faU  half  in  and  half  out  of 
the  mouth,  and  prevent  the  iron  from  cutting,  and  will 
cause  it  to  leave  scores  in  the  work,  entailing  a  great  loss 
of  time,  in  removing  them  at  every  few  strokes.  The 
smoothing  plane  is  used  for  smoothing  rather  than  truing 
work,  and  is  made  shorter  than  the  truing i)lane,  so  as  to  be 
handier  in  using.  It  is  sometimes  impracticable  to  make  a 
surface  as  smoo^^i  as  desirable  Avith  a  truing  plane,  because 
of  the  direction  of  the  grain  of  the  wood.  Thus  in  Fig.  7, 
let  E  represent  a  piece  of  stuff  reqmring  to  be  planed  on 


the  npper  surface,  and  let  us  plane  it,  cutting  in  the  direc- 
tion of  the  arrow,  D.  It  is  evident  that  the  edge  of  the  plane 
iron,  when  cutting  the  surface  from  B  to  A,  will  strike 
against  the  edge  or  end  of  the  grain  of  the  wood,  tend- 
ing to  rough  it  up;  whereas,  while  passing  from  A  to 
0,  the  tendency  of  the  pressure  of  the  iron  edge  would 
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be  to  smooth  the  grain  of  the  wood  downwards,  the 
difference  between  the  two  tendencies  being  sufficient 
to  make  it  necessary  in  many  cases  to  use  a  smoothing 
plane,  cutting  in  both  directions,  as  shown  in  Fig.  7,  first 
from  A  to  B,  cutting  in  the  direction  of  the  arrow,  F, 
and  then  from  A  to  C,  cutting  in  the  direction  of  the  arrow, 
G.  Thus  the  cutting  will  be  at  all  times  performed  in  the 
direction  tending  to  smooth  down  and  not  rough  up  the 
grain  of  the  wood.  That  this  method  of  planing  is  neces- 
sary is  demonstrated  iu  planing  across  the  end  grain  of 
wood,  for  which  purpose  the  smoothing  plane  is  almost  in- 
dispensable, and  in  which  operation  it  is  necessary  to  use 
it,  on  small  surfaces,  with  a  side  as  well  as  with  a  forward 
sweep,  thus  producing  a  curved  motion,  the  most  desirable 
direction  of  which  is  determined  by  the  direction  of  the 
grain  of  the  wood. 

Fig.  8  represents  an  ordinary  compass  plane,  which  is  a 
necessary  and  very  useful  tool  for  planing  the  surfaces  of 


hollow  sweeps.  This  tool  is  sometimes  made  adjustable  by 
means  of  a  piece  dovetailed  in  the  front  end  of  the  plane,  as 
shown  in  Fig.  9,  at  A ;  which,  by  being  lowered,  alters  the 
sweep  and  finally  converts  it  from  a  convex  to  a  concave. 
There  is  now,  however,  in  the  market  a  compass  plane,  the 
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body  of  which  is  made  of  malleable  iron  with  a  sole  made  of 
a  blade  of  spring  steel,  which,  by  the  operation  of  two 
screws,  can  be  set  to  any  curvatnre,  either  concave  or  con- 
vex^ within  the  capacity  of  the  instrument. 


Another  very  useful  species  of  plane  is  the  router,  shown 
in  Fig.  IQ;  which  represents  one  of  these  planes  in  opera- 


tion,  A  being  the  router,  and  B  the  work.  The  use  of  this 
tool  is  to  plane  out  recesses  (exactly  to  any  given  depth)  such 
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as  are  required  to  receive  rapping  plates.  Tlie  wood  in  tlie 
plane  stock  is  cut  away  just  over  the  edge  of  the  iron,  to 
give  clearance  for  the  shavings,  and  so  that  the  cutter  may 
be  seen  at  work. 


Eabbet  planes  are  narrow  planes  having  the  sole  or  side 
of  a  conformation  to  suit  the  work.  Fig.  11  represents  a  rab- 


ever,  very  seldom  used,  but  is  especially  useful  in  planing 
hard  wood  cogs  fitted  to  ii  on  wheels,  or  the  teetli  of  wheel 
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patterns,  or  other  similar  work.  One  or  two  flat  bottomed 
ones  will  also  be  required.  Small  thumb  rabbet  planes, 
having  an  iron  stock,  with  the  blade 
near  the  front  end,  are  now  supplied, 
and  are  very  useful  for  cutting  out  half 
checks  that  are  not  cut  right  across  the 
stuff. 

Fig.  14  is  an  end,  and  Fig.  15  a  side, 
view  of  a  core  box  plane,  suitable  for 
planing  semicircular  grooves  out  of  the 
solid.  The  principle  of  its  construction 
and  use  is  that  the  angle  in  a  semicircle 
is  a  right  angle.  Suppose,  for  examjile, 
that  Fig.  16  represents  a  piece  of  wood 
having  a  semicircular  groove  in  it,  and 
we  mark  off  on  the  groove  the  points,  a, 
1),  c,  d,  e,  and  strike  from  each  of  these  a 
line  direct  to  each 
corner  of  the  groove. 
We  shall  thus  find 
that  the  two  lines 
struck  will  be  at  a 
right  angle  to  each 
other,  the  two  lines, 
A  A,  meeting  at  the 
point,  a,  being  at  a 
right  angle.  The  two 
side  faces,  CC,  of  the 
plane  in  Fig.  14  are 
made  to  stand  at  a 
right  angle  to  each 
other ;  and  while  the 
j)lane  is  in  position 
(as  shown  in  Fig.  14) 
to  bear  against  the 
corners  of  the  core 
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box,  a  semicircle  (tlie  apex  of  the  plane,  D,  in  Fig.  14) 
must  be  in  the  semicircle,  and  will  only  cut  aAvay  the 
wood  in  the  form  of  the  circle,  no  matter  in  what  position 


the  plane  stands,  so  long  as  its  sides  touch  the  corners  of 
the  semicircle.  Tliis  being  the  case,  the  first  operation 
in  using  this  plane  is  to  cut  out  the  required  semicircle  to 
the  necessary  width,  which  may  be  done  with  a  rabbet 
]ilane.  The  core  box  plane  may  thus  be  employed  to  cut 
out  the  semicircle,  commencing  at  each  of  the  corners  and 
planing  on  each  side  down  to  the  center  of  the  depth  of  the 


semicircle.  As  this  plane  is  intended  to  finish  the  work,  it 
is  desirable  to  cut  away  as  much  of  the  stuff  as  possible 
before  employing  it,  the  work  api)earing  as  shown  in  Fig. 
17.   These  planes  have  one  disadvantage.   They  are  apt 
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to  abrade  tlie  corners  of  tlie  work ;  hence  great  care  should 
be  exorcised  in  their  use,  and  care  must  also  be  taken  that 
the  extreme  point  of  the  plane  iron  stands  just  at  the  apex 
of  the  angle  of  the  body  of  the  plane ;  for  if  it  be  in  advance 
or  not  up  to  it,  the  work  will  not  be  semicircular. 

Of  late  years  there  have  been  introduced  planes  having 
a  stock  of  iron,  the  advantage  being  that  the  mouth  does 
^T^.   ^  not  wear  larger,  the 

soles  keep  true,  and  all 
parts  are  interchange- 
able. The  blade  of  the 
block  .j)lane,  shown  in 
Fig.  A,  is  set  at  a 
greater  angle,  as  is  ne- 
cessary for  planing  the  end  grain  of  wood.  The  circular 
plane,  shown  in  Fig.  tt,.  „ 

B,  IS  an  especially 
desirable  tool,  be- 
cause the  sole  can 
be  set  to  any  desir- 
ed curve,  either  con- 
cave or  convex,  and 
the  plane  can  be 
used  clear  up  to  the 
edge  of  the  curve  j 
in  which  respect  it  possesses  an  advantage  over  the  plane 

shown  in  Figs.  8  and  9. 

In  Figs.  C  and  D  are 
smoothing  and  jointer 
planes  of  this  class ;  and 
it  may  be  mentioned  that 
the  blades  can  be  altered 
in  adjustment  while  the 
plane  is  bemg  operated. 
There  is  a  sense  of  flatness  in  using  these  planes,  that  is 
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very  desirable  for  true  work.  The  manner  in  which  the 
ii'on  fits  to  the  blade  is  shown  in  Tig.  E,  the  iron  being 

Mg.  J). 


curved  to  insure  that  it  shaU  touch  the  blade  close  to  the 
cutting  edge,  supporting  and  stiffening  it  so  that  thinner 
blades  can  be  used,  the  latter  being  easier  to  grind  and 
oilstone. 

Of  chisels,  the  principal  kinds  used  are  the  paring  chisel, 
used  entirely  by  hand  ijressure,  and  the  firmer  chisel,  for 
use  with  the  mallet.  The  difference  between  the  two  is 
that  the  paring  chisel  is  the  longer.  A  paring  chisel,  worn 
to  half  its  original  length,  will  however  answer  for  use  as 
a  firmer  chisel,  because,  when  so  worn,  it  is  sufficiently 
long  for  the  duty.  A  chisel  should  not,  however,  be  used 
indiscriminately  as  a  paring  and  firmer  chisel,  for  the  rea- 
son that  the  paring  chisel  requires  to  be  kept  in  much  bet- 
ter order  than  the  firmer  chisel  does.  It  is  necessary  to 
have  several  sizes  of  chisels,  varying  in  width  from  an 
eighth  of  an  inch  to  an  inch  and  a  half.  A  i)aring  chisel 
for  general  use  is  shown  in  Fig.  18.  Its  width  is  about 
one  and  a  half  inch,  and  its  handle  should  be  exactly  of 
the  form  shown  in  the  engraving  j  the  total  length  of  handle 
2* 
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being  six  inches,  from  A  to  B  being  one  and  a  half  inch, 
and  the  diameter  at  C,  and  from  B  upwards,  being  one  and 
a  half  inch.   The  hollow  below  B  is  of  three-eighths  inch 
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radius,  and  the  diameter  at  D  is  one  inch .  This  shape  and 
size  gives  a  good  piu-chase,  especially  from  A  to  B,  where 
the  hand  is  most  often  applied,  the  end,  E,  being  against 
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the  operator's  shoulder.  A  firmer  chisel  having  a  handle 
of  the  ordinary  i^attern  is  shown  in  Fig.  19. 

Chisels  arc  sharpened  in  the  same  manner  as  plane  irons ; 
but  being  usually  narrower,  they  require  special  attention 
in  the  grinding,  as  they  should  be  held  against  the  grind- 
stone with  an  amount  of  pressure  proportionate  to  their 
width.  In  describing  Figs.  5  and  G,  it  was  explained  how 
a  long  feather  edge  may  be  given  to  a  tool  in  the  grinding; 
and  these  remarks  apply  especially  to  chisels.  Ilence,  to- 
wards the  finishing  part  of  the  grinding  operation,  the 
chisel  should  be  held  very  lightly  against  the  stone ;  the 
flat  face  of  the  chisel  should  never  be  ground,  but  should 
be  kept  straight  and  even,  otherwise  the  whole  value  of 
the  tool  will  be  impaired.  In  setting  the  edge  of  a  chisel 
upon  an  oilstone,  it  is  necessary  to  exercise  great  care  that 
the  hands  are  not  elevated  so  as  to  oilstone  the  blade  at  a 
difi'erent  bevel  to  that  at  which  it  was  ground,  and  not  to 
allow  the  movement  of  the  hands  to  be  such  as  to  round 
ofi:'  the  bevel  face  at  and  near  the  cutting  edge — an  error 
which,  from  lack  of  experience,  is  very  apt  to  occur.  The 
position  in  which  the  bevel  of  the  chisel  should  be  pressed 
to  the  oilstone  should  be  such  that  the  marks  made  by  the 
oilstone  will  lie  from  the  back  of  the  bevel  to  the  cutting 
edge,  but  be  shown  more  strongly  at  and  towards  the  cut- 
ting edge.  The  motion  of  the  hands  of  the  operator  should 
not  be  simply  back  and  forth,  parallel  with  the  length  of 
the  oilstone,  but  partly  diagonal,  which  will  greatly  assist 
in  keeping  the  be^^el  level  with  the  oilstone.  Very  little 
pressure  should  be  applied  to  the  chisel  during  the  latter 
part  of  the  process  of  oilstoning ;  and  the  flat  face  of  the 
chisel  should  be  held  level  with  the  face  of  the  oilstone,  and 
moved  diagonally  under  a  light  pressure,  sufiicient  only  to 
remove  the  wire  edge.  After  the  setting  is  complete,  the 
chisel  should  be  lapped  upon  the  hand,  to  remove  the  fine 
wire  edge  left  by  the  oilstone. 
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The  next  tool  is  the  gouge,  of  which  there  are  several 
kinds.  Those  having  the  bevel  on  the  concave  side  are 
termed  inside  gouges ;  and  when  the  bevel  is  on  the  convex 
side,  they  are  called  outside  gouges.  Gouges,  like  chisels, 
are  also  classed  into  firmer  and  paring  gouges,  the  distinc- 
tion between  the  two  being  the  same  as  in  the  case  of  chisels. 
It  is  not  necessary  to  possess  a  fuU  set  of  each  kind  of  gou- 
ges ;  half  a  set  each  of  inside  and  outside  will  suffice.  Fig. 
1*0  represents  a  paring,  and  Fig.  21  a  firmer,  outside  gouge. 

The  inside  gouge  may  be  ground  a  little  keener  than  the 
chisel  or  plane  iron,  and  requires  care  in  the  operation,  since 
it  has  generally  to  be  ground  on  the  corner  of  the  grindstone, 
which  is  rarely  of  the  same  curve  as  the  gouge  requires. 
In  oilstoning  a  gouge,  what  is  called  a  slip  is  emi)loyed. 
Slips  are  wedge-shaped  pieces  of  oilstone,  of  various  curves 
and  shapes,  to  suit  the  purposes  for  which  they  are  applied. 
The  gouge  should  be  held  in  the  left  hand,  and  the  slip  in 
the  right,  the  latter  being  supplied  with  clean  oil.  The  back 
or  convex  side  of  the  gouge  must  be  laid  level  on  the  face 
of  the  oilstone,  and  the  handle  Avorked  to  and  from  the 
workman,  who  nmst  roU  it  at  the  same  time,  so  as  to  bring 
every  part  of  the  curve  .of  the  gouge  in  contact  with  the 
face  of  the  oilstone.  All  the  remarks  upon  grinding  and 
oilstoning  chisels  apply  with  greater  force  to  gouges,  be- 
cause the  small  amount  of  the  surface  of  the  gouge,  in  con- 
tact with  either  the  grindstone  or  oilstone,  renders  it  ex- 
tremely liable  to  the  formation  of  a  feather  edge  in  grinding, 
and  a  wire  edge  in  oilstoning.  In  grinding  outside  gouges, 
a  new  feature  steps  in ;  for  if  the  gouge  be  kept  at  the  same 
incHnation  throughout  the  grinding,  as  in  the  case  of  all  the 
tools  heretofore  mentioned,  the  center  of  the  gouge  will  be 
keener  than  the  corners  j  to  avoid  which  the  gouge  is  given 
a  roUing  motion  to  bring  every  part  against  the  action  of 
the  grindstone,  while  at  the  same  time  lowering  the  back 
hand  as  the  corners  of  the  gouge  ap]jroach  the  stone.  This 
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if  evenly  performed,  gives  an  equal  keenness  to  all  parts  of 
the  cutting-  edge.  The  same  rising  and  falling  motion  of  the 
back  hand  is  necessary  in  oilstoniiig  the  convex  side  of  the 
gouge.  The  concave  side  is  to  be  rubbed  with  an  oilstone 
slip,  taking  care  to  let  the  slip  be  flat  in  the  trough  of  the 
gouge  and  not  elevated  at  the  near  end ;  for  if  once  a  habit 
of  beveling,  however  shghtlj',  the  flat  faces  of  tools  is  con- 
tracted, it  tends  to  increase,  so  that  the  tools  finally  lose 
their  characteristics,  and  are  in  fact  ruined,  so  far  as  theii' 
application  to  good  w  ork  is  concerned. 

Several  sizes  of  squares  are  necessary  to  the  pattern  mak- 
er, because  his  work  necessitates  in  many  cases  that  the 
blade  be  short,  in  order  to  admit  of  its  appUcation  to  the 


IMi.,:.  - 


work.  Fig.  22  represents  an  ordinary  try  square ;  the  blade 
should  be  of  sawblade,  and  the  back  of  hard  wood,  the  in- 
side and  outside  edges  of  the  back  being  covered  with  sheet 
metal,  to  prevent  undue  w^ear. 

In  Fig.  F  is  shown  a  try  square  which  can  be  used  as  a 
simple  square  or  as  a  mitre  square.  By  simply  changing 
the  position  of  the  liandle,  and  bringuig  the  mitred  face  at 
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the  top  of  the  handle  against  one  edge  of  the  work  in  hand, 
a  perfect  mitre,  or  angle  of  forty-five  degrees,  can  be  struck 
from  either  edge  of  the  blade. 

Fig.  F. 


In  addition  to  this, 
however,  a  bevel  square 
is  required ;  and  it  is  best 
to  have  one  with  a  slid- 
ing blade,  so  that  the 
length  it  projects  from 
the  square  back,  on  eith- 
er side,  may  be  adjusted 
to  suit  tlie  woik.  Such 
a  bevel  square  is  illus- 
trated in  Fig.  23. 

Of  compasses  there  are 
two  kinds,  one  behig 
plain,  and  having  no  means  of  permanent  adjustment,  as 
shown  in  Fig.  24.  This  is  used  for  casual  measiuements  or 
marking.  The  other  has  an  attachment  by  which  it  may  be 
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permanently  set,  as  shown  in  Fig.  25,  in  which  A  represents 
a  thumb  screw  employed  to  set  one  leg  firmly  against  the 
radius  piece,  C,  and  B  being  an  adjusting  screw  for  finally 
adjusting  the  compass  points  after  the  thumb  screw,  A,  is 
fastened,  the  spring,  D,  operating  to  keep  the  leg,  E,  firm- 
ly against  the  face  of  the  screw,  B  ;  so  that,  when  the  ad- 
justment of  the  compass  points  is  once  properly  made,  the 
compasses  may  be  laid  upon  the  bench  and  used  from  time 


to  time  without  danger  of  the  adjustment  being  allured  by 
handling  or  by  a  slight  blow. 
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An  excellent  attachment  for  compass  points  has  lately 
come  into  use;  it  is  for  the  purpose  of  fastening  to  the 
marking  leg  a  pencil,  to  avoid  scratching  the  surface  of  the 
work  with  the  compass  point.  This  device  and  its  mode 
of  appUcation  are  shown  in  Fig.  20,  in  which  A  represents 
a  thin  tube  with  the  feet,  G  G,  on  it,  and  provided  with  the 
split,  B.    C  is  a  clamp,  provided  with  a  thumbscrew,  E. 


D  represents  one  of  the  compass  legs.  F  is  a  piece  of  lead 
pencil  which  passes  through  the  tube,  A.  The  attachment 
is  slipped  on  the  compass  leg,  and  the  screw  is  tightened 
up,  clamping  that  leg  to  the  feet,  G  G,  and  clanping  at  the 
same  time  the  pencil  in  the  tube.  Another  of  these  attach- 
ments, in  which  the  pencil  point  is  adjustable  ii  a  direction 


GAGES. 


41 


other  than  that  in  which  the  compass  point  stands,  is 
shown  in  Fig.  27,  the  pencil  tube  being  swiveled  at  A,  and 
B  representing  the  compass  leg. 

The  points  of  compasses  should 
be  forged  out  when  they  get  thick 
from  wearing  short,  and  they 
should  be  tempered  lo  a  blue 
color.  For  marking  small  holes, 
compasses  are  too  cumbersome  for 
fine  work,  and  spring  dividers  are 
preferable.  A  recent  improvement 
in  these  tools  consists  in  making 
the  spring  helical,  as  shown  m 
Fig.  20,  instead  of  making  it  broad, 
flat,  and  thin,  as  formerly. 

Of  gages  for  drawing  marking 
lines  at  any  regulated  distance 
from  the  finished  edge  or  edges 
of  the  work,  there  are  several 
hinds.  First  Ave  have  that  shown  in  Fig.  29,  which 
is  the  kind  ordinarily  sold;  others  have,  instead  of  the 


set  screw,  a  wedge  running  lengthwise,  as  shown  in  Fig. 
30.  A  better  gage,  however,  than  either  of  these  is  that 
shown  in  Fig.  31,  in  which  A  represents  the  tightening 
wedge,  standing  at  a  right  angle  to  the  rod  of  the  gage. 
The  advantage  of  this  design  is  that  it  requires  only  one 
hand  to  work  it,  inasmuch  as  the  wedge  may  be  loosened 
or  tightened  by  strildng  it,  as  if  it  were  a  hammer,  agauist 
2** 
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anything  that  may  happen  to  he  on  the  bench.  Thus  the 
gage  may  be  set  and  adjusted  with  one  hand,  while  the  oth- 
er is  holding  the  work,  as  is  often  necessary  when  marking 
small  work.   The  marking  pomt  should  be  a  piece  of  steel 


wire  fitted  tightly  in  the  stem,  the  protruding  part  being 
ground  or  filed  to  a  wedge,  with  the  two  facets  slightly 
roundmg,  and  whose  broad  faces  stand  at  a  right  angle  to 
the  stem  of  the  gage ;  the  point  or  edge  only  projecting  suf- 
ficiently to  produce  a  hue  clear  enough  to  work  by ;  other- 


wise it  will  not  be  suitable  for  accurate  work.  The  mortise 
gage  is  similar  to  the  above  as  regards  the  stem  and  slid- 
ing piece,  but  it  is  provided  with  two  marking  points,  their 
di>.tance  apart  being  adjustable.  Fig.  32  represents  the 
gage  referred  to,  the  head  screw  working  in  brass  nuts. 


On  account  of  the  narrowness  of  the  base  affo?ded  by  the 
shdiug  ijiece  on  the  common  gage,  there  is  n)t  sufiicieut 
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steadiness  to  gage  to  any  great  width,  so  that  for  widths 
above  ten  or  eleven  inches  we  must  have  recourse  to  the 
gage  shown  in  Fig.  33.  It  is  called  the  panel  gage;  its 
sliding  piece  may  be  seven  inches  long,  and  the  stem  two 


feet ;  the  rabbeting  at  A  forms  a  steadying  base,  the  part 
of  the  rod  about  the  marking  point  being  raised  to  corre- 
spond with  the  distance  from  the  rabbet  to  the  stem  nut. 
Next  we  have  the  cutting  gage,  shown  in  Fig.  34,  in  which  a 
steel  cutter  takes  the  place  of  the  marking  point,  being 


wedged  in  position.  It  is  employed  to  cut  thin  strips  of 
wood ;  that  is  to  say,  of  thicknesses  up  to  about  a  quarter 
of  an  inch.  The  cutter  point  should  be  tempered  to  a  dark 
straw  color. 

In  Fig.  G  is  shown  a  gage  in  which  one  side  has  a  fixed 


Fig.  (?. 


point,  and  the  other  an  adjustable  one  for  mortise  and  oth- 
er similar  work,  the  movable  point  being  operated  by  the 
thumbscrew  shown  at  the  end. 
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For  marking  off  curves  or  large  circles,  we  require  a  pair 
of  beam  compasses  or  trammels,  as  shown  iii  Fio-  35  rj^^^y 
are  composed  of  two  sliding  sockets,  made  o^either  wood 
or  metal,  fitted,  at  a  sliding  fit,  to  a  staff.  They  are  made 
of  various  designs,  to  suit  the  taste  of  the  maker,  and  are 
often  made  by  the  pattern  maker  himself  during  his  term 
of  probation.  The  style  shown  in  Pig.  35  is  one  very  easily 
made.  A  A  represents  a  staff  of  any  desired  length  com- 
posed of  common  pine.  B  and  C  are  the  two  slidin-'  sock- 
ets or  holders;  the  mortises  in  them  are  made  to  fit  the 


thickness  of  the  staff,  but  they  are  longer  thm  they  are 
wide,  to  admit  of  the  fastening  wedge.  They  may  be 
made  of  some  hard  wood,  such  as  maple.  The  lower  parts 
being  turned  and  fitted  with  brass  ferrules,  a  small  hole  is 
then  drilled  up  the  turned  end  of  each,  into  vhich  brad- 
awls of  large  size  are  driven;  they  are  thenpcinted  on  a 
grindstone.  The  wedges  are  made  with  a  gib  head  on  the 
small  end,  so  as  to  prevent  them  from  flying  out  when  tap- 
ped back  to  loosen  the  sliding  sockets  from  th?  staff,  for 
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adjustment.   If  maple  be  used  for  tlio  sockets,  then  tlio 

wedges  may  be  made  of  a  dark  colored  wood,  sandpapered 

and  varnished  two  or  three  times,  which  will  give  them  a 

neat  appearance.  JNIade 

as  above  described,  the 

trammels  will  be  light 

and  almost  everlasting  j 

and  as  the  materials  are 

always  at  hand,  the  cost 

is  a  minimum. 
In  place  of  the  wedge, 

a  screw  may  be,  and 

sometimes  is  used,  in 

which  case  a  packing 

piece  of  either  wood  or 
sheet  brass  should  be 
inserted,  as  shown  in 
Fig.  36,  at  A,  which 
will  protect  the  staff 
from  being  indented  by 
latter  is  tightened  up. 

Our  next  requirement  is  the  straight  edge,  which,  tor 
small  work,  is  better  of  steel  than  of  wood.  A  straight 
edge  is  a  piece  of  stuff  whose  edges  are  straight  and  par- 
allel to  each  other,  which  is  necessary  because  they  are 
sometimes  used  in  conjunction  with  the  square.  A  pan^  of 
straight  edges,  termed  winding  strips,  are  indispensable ; 
iheir  use  is  shown  inFig.  37,  in  which  A  is  a  piece  of  work 
requiring  to  have  its  edge  true;  B  B  are  the  winding  strips, 
placed  on  the  work  as  shown,  so  that  by  casting  the  eye  along 
the  upper  edge  of  one  strip,  and  leveling  the  head  so  that 
the  edge  of  one  strip  will  be  brought  nearly  horizontally 
level  with  the  other,  ,  it  will  readily  be  perceived  whether 
the  two  are  level  one  with  the  other,  and  hence  whether 
the  face  of  the  work  is  true.   Winding  strips  arc  simply 


the  end  of  the  screw  when  the 
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pieces,  of  wood  made  parallel  and  true,  and  generally 
abont  two  feet  long,  three  or  four  inches  wide,  and  about 
five-eighths  of  an  inch  thick.  When  the  edg3s  have  been 
made  as  straight  as  possible  with  the  truing  ^lane,  one  of 
these  should  be  lightly  chalked  on  its  edge  face  and  laid 
upon  the  other,  and  then  moved  back  and  forth  through 
a  distance  of  about  one-half  inch.  The  upper  one  should 
not  be  pressed  to  the  lower,  but  allowed  to  lie  of  its  own 
weight;  otherwise  it  will  spring  to  suit  the  aitline  of  the 
lower  one,  or  bear  upon  it  at  the  points  pressed  by  the 
hands.   Before  separating  the  two,  take  a  bkcklead  pen- 


oil  and  make  a  mark  on  one  side  of  each,  so  as  always  to 
be  able  to  bring  the  pieces  together  in  the  same  way. 
Then  separate  them  and  ease  away  the  high  places,  con- 
tmuing  the  truiug  operation  until  they  bear  all  over.  In 
placing  them  upon  the  work,  be  careful  that  :hey  stand 
parallel  to  each  other ;  that  is  to  say,  that  tie  distance 
between  them  is  about  the  same  at  each  end  otherwise 
the  eye  will  be  misled  in  sighting  them  when  oi  the  work. 
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In  Fig.  38,  wre  liave  an  ordinary  screwdriver,  tbe  point 
of  which  should  be  shaped  as  shown  at  A,  in  Fig.  39,  and 
not  as  shown  at  B,  as  is  usually  the  case,  because  if  |*f^ 
part  entering  the  screw  head  is  tapered,  it  not  only  rq,i'ses^ 
a  burr  on  the  screw  head,  but  it  is  liable 
to  slip  out,  even  from  a  screw  that  drives 
easily,  and  much  more  from  one  that 
drives  hard.  To  grind  it  to  the  shape 
shown  at  A,  it  should  be  ground  on  that 
side  of  the  stone  in  which  the  latter  is 
running  toward  you,  the  length  of  the 
screwdriver  being  at  a  right  angle  to  the 
plane  of  the  stone  and  the  handle  held  in 
one  hand,  while  the  driving  end  is  held 
in  the  other,  which  should  be  supported 
by  the  grindstone  rest.  If  the  stone  is  a 
small  one,  the  screwdriver,  while  being 
ground  in  this  position,  should  be  moved 
a  httle,  so  that  first  one  corner  and  then 
the  other  will  approach  the  stone,  so  as 
to  prevent  the  grinding  from  being  hol- 
low, which  would  weaken  the  screwdriver 
point  by  thinning  it  in  the  middle.  Screw- 
drivers should  be  made  of  cast  steel,  and 
tempered  at  the  point  to  a  blue  color. 

The  mallets  should  be  of  hickory,  and 
of  the  form  shown  in  Fig.  40 ;  the  sizes 
being,  one  2)^x3x5  inches  long,  and  an- 
other about  3x3^x51^  inches  long,  the 
handles  being  mortised  and  properly  wedged  to  the  head. 

Of  oilstones  there  should  properly  be  two,  one  for  rough- 
ing and  one  for  finishing.  Wichita  or  Arkansas  stones 
are  even  in  grain  and  cut  well,  and  are  the  best  for  our  pur- 
pose. In  addition  to  the  large  oilstone,  a  number  of  slips 
of  oilstone  are  necessa  ry,  some  being  flat,  others  half  round 
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and  flat,  with  round  edges,  their  uges  being  for  gouges  and 
other  tools  in  which  the  cutting  edges  are  hollow  or  curved. 
The  general  oilstone  should  be  kept  with  a  flat  face,  other- 
wise it  will  be  impossible  to  properly  set  plane  blades, 
firmer  and  paring  chisels,  and  other  similar  tools  upon  it. 
With  this  object  in  view,  the  workman  should  set  small 
tools  upon  the  ends,  so  as  to  prevent  the  stone  from  be- 
coming hollow  in  the  middle.  When  it  becomes  necessary 
to  grind  the  face  of  the  oilstone,  it  may  be  done  upon  the 
grindstone ;  but  a  better  plan  is  to  take  a  flat  board  and 
liberally  supply  it  with  clean  sand  and  water,  and  then 
grind  the  oilstone  on  it  by  hand,  leaving  the  face  a  little 
rounding  in  its  length,  by  easing  it  off  at  each  end,  but 


leaving  it  flat  across  the  face,  by  which  means  it  will  last 
longer  without  regrinding.  There  are  some  stones  which 
are  used  with  water  instead  of  oil ;  they  do  not  cut,  as  a  rule, 
very  freely,  but  the  finer  grades  of  them  will  cut  unusually 
smooth.  These  are  the  descriptions  used  by  the  Japanese 
workmen,  who  use  two  stones,  one  to  rough  cut,  which  cuts 
very  freely;  the  other  to  finish,  which  veems  to  grip  the 
metal  firmly,  rendering  it  easy  to  keep  the  tool  at  the  ne- 
cessary angle  and  level,  while  at  the  same  time  it  cuts  very 
finely  indeed.  The  first  is  a  bright  yellow  stone,  the  latter  is 
of  a  green  slate  color — hot  water  bein  g  used  on  both  of  them . 
Aside  from  those  already  mentioned,  we  have  the  Turkey 
stone,  a  close-grained  and  amber-colored  stone,  which  cuts 
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freely  or  fine,  according  to  the  grade  of  the  stone.  For  all 
ordinary  i)urposes  the  Arkansas  stone  will  suflace,  and  it 
is  obtaianble  at  almost  every  hardware  store.  The  oil- 
stone for  general  use  should  be  fitted  into  a  block  of  wood, 
having  a  margin  outside  of  the  stone  of  one  half  inch  on 
each  side,  and  about  an  inch  at  each  end,  the  block  being 
hollowed  on  the  bottom  face  so  that  it  will  stand  firmly  and 
not  rock  when  in  use.  It  should  also  be  provided  with  a 
cover,  to  preyent  dust  and  dirt  from  accumulating  upon  it. 

Two  pairs  of  inside  and  three  pairs  of  outside  calipers 
are  necessary  to  the  pattern  maker,  the  smallest  of  each 
pair  being  large  enough  to  take  in  diameter  up  to  four 
inches,  the  largest  from  four  up  to  about  ten  inches.  The 
other  i)air  of  outside  caUpers  may  be  largo  enough  to  use 
upon  diameters  from  ten  to  eighteen  inches.  For  bores 
above  ten  inches  a  wire  gage  may 
be  used,  by  bending  a  piece  of  wire 
as  shown  in  Fig.  41,  which  may  be 

shortened  by  being  bent  more,  or  ^^^^  -"^^^^ 
lengthened  by  being  straightened. 

It  is  preferable  to  make  an  adjustable  gage,  such  as  shown 
in  Fig.  42,  in  which  A  and  B  represent  two  vsliding  pieces 
of  steelj  and  0  and  D  screws  and  nuts.  It  is  obvious  that, 


-when  the  screws  are  loosened  sufficiently  to  just  let  the 
sliding  pieces  move  by  a  shght  tap,  the  gage  may  be  ex- 
tended by  striking  the  ends,  E,  or  either  of  them,  their  iii- 
3 
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side  edges  being  rounded  off  to  prevent  them  from  burring. 
It  is  better  to  set  them  at  first  a  little  below  the  required 
size,  and  to  perform  the  adjustment  by  openmg  them,  so  as 
not  to  require  to  strike  the  point  at  all.  The  points  should, 
however,  in  any  event,  be  tempered  to  a  blue.  It  is  an  ex- 
cellent plan  to  file  away  the  screw  heads  on  two  sides,  a 
little,  say  3^  inch,  thus  forming  a  sliding  piece  under  each 
head  to  fit  into  the  slot  of  the  gage,  which  will  i)]-event  the 
screws  from  turning  when  screwed  or  unscrewed,  and  in 
the  end  save  much  annoyance.  A  small  machinist's  square 
and  a  steel  rule  are  also  necessary  for  small  fine  work,  the 
wooden  ones  being  too  clumsy.  The  edges  of  the  rule  should 
be  trued  so  that  it  may  be  used  as  a  straight  edge. 


CHAPTEE  n. 


LATHE  —  LATHE    CHUCKS,   AND  LATHE  TOOLS. 

To  give  the  required  form  to  various  patterns,  recourse 
must  frequently  be  had  to  that  useful  machine,  the  lathe. 
The  lathe  adapted  for  pattern  work  is  strong  and  steady 
in  the  framework,  to  avoid  the  tremor  resulting  from  the 
high  speed  at  which  it  is  driven.  It  should  be  of  good  and 
durable  workmanship,  and  should  also  be  handy ;  that  is  to 
say,  the  parts  requhing  frequent  adjustment  should  be 
provided  with  the  readiest  means  for  accomplishing  that 
end ;  and  especially  is  this  the  case  with  the  hand  rest  and 
the  manner  of  holding  it  to  the  lathe  bed,  as  it  is,  in  the 


progress  of  a  piece  of  work,  almost  constantly  changed  in 
position.  Fig.  43  shows  the  method,  still  followed  by 
many  wood  turners,  of  holding  the  hand  rest  j  it  is  a  prim- 
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itive  arrangement,  but  the  tightening  and  loosening  of  the 
wedge,  E,  is  found  to  talie  less  time  than  screwing  up  the 
nut  D.  In  Fig.  43,  A  is  the  hand  rest,  B  B  the  lathe 
shears,  C  the  clamp,  and  D  the  nut  upon  the  holt,  E,  the 
head  of  which  slides  in  a  groove  running  along  the  foot  of 
the  hand  rest.  It  will  be  observed  that  the  nut,  bemg  be- 
neath the  lathe  shears,  is  somewhat  unhandy  to  get  at,  and 
the  wrench  may  not  perhaps  at  the  moment  be  at  hand  ; 
while,  in  any  event,  screwing  up  a  nut  w  ith  a  wrench  is  a 
slow  process.  In  some  cases  there  is  substituted,  for  the 
nut,  a  wheel  with  a  tapped  hole  in  its  center ;  but  it  is  still 
not  perfect,  because  the  workman,  in  slacking  it  off,  gives 
the  wheel  a  twist ;  and  while  his  attention  is  absorbed  in 
the  intricacy  of  his  work,  the  momentum  of  the  rim  of  the 
wheel  has  kept  it  turning,  so  that  it  either  unscrew  s  itself 
altogether  and  falls  off,  or  runs  so  far  back  that  it  requires 
handling  twice  to  bring  it  home  when  refasteuing  it.  A 
much  better  method  is  now  in  many  cases  adopted ;  it 
is  shown  in  Fig.  44,  in  which  A  A  represents  the  lathe 
shears,  B  the  hand  rest,  C  the  fastening  bolt,  D  a  piece 
hinged  at  each  end  and  having  through  its  center  a  hole  to 
receive  the  fastening  bolt,  and  a  countersink  or  recess  to 
receive  the  nut  and  prevent  it  unscrewing.  E  represents  a 
hinged  plate,  and  F  a  lever  having  a  cam  al;  its  pivoted 
end.  A  slot  for  the  fastening  bolt  to  pass  through  is  pro- 
vitled  in  the  plate,  E.  In  this  arrangement,  a  very  moder- 
ate amount  of  force  applied  to  bring  up  the  cam  lever  will 
cause  the  plate,  D,  to  be  pressed  down,  carrying  with  it 
the  nut.  This  arrangement  is  simple,  cheap,  durable,  and 
very  handy,  and  may  be  apphed  on  any  existing  lathe  to 
the  hand  rest,  slide  rest,  or  tail  stock.  There  are  other 
simple  and  useful  contrivances  devised  for  the  same  pur- 
pose ;  but  generally  speaking,  the  lathe  requires  to  be  de- 
signed to  accommodate  them,  and  they  axe  not  superior  in 
action  to  the  system  above  described. 


THE  LATHE.  53 

The  ranning  head  of  the  lathe  requires  particular  men- 
tion. The  mandrel  should  always  be  of  steel,  turned  true, 
hardened,  and  trued  by  an  emery  wheel,  after  the  harden- 
ing process.  It  should  be  well  fitted  to  its  bearing ;  for  if 
it  is  not,  an  unpleasant  jarring  noise  will  be  produced, 
when  the  latter  is  set  in  motion. 


Hard  steel  coned  bearings  are  very  desirable,  and  will 
work  perfectly  when  properly  made,  lasting  practically  un- 
impaired for  years.  They  are,  howe\^er,  expensive  to 
make ;  and  in  view  of  the  present  active  competition  in 
producing  cheaply,  most  mechanics,  knowing  the  diflaculty 
attending  the  proper  fitting  of  this  style  of  mandrel,  feel 
more  or  less  dubious  as  to  the  perfection  of  such  lathes 
until  they  have  been  well  tried.  Next  to  a  hard  steel  coned 
bearing,  we  should  i)refer  a  cylindrical  one  of  hard  brass  j 
that  is  to  say,  a  mixture  of  five  parts  copper,  one  part  tin, 
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and  one  quarter  part  zinc.  The  length  of  the  jonrnal 
should  be  three  times  its  diameter;  the  brasses  should 
be  made  in  halves,  and  adjusted  so  that  the  faces  of  the 
brasses  are  butted  when  the  cap  screws  are  tightened  home, 
and  the  journal  is  at  a  neat  working  fit  in  the  bearings. 
It  will  then  be  a  long  time  before  the  brasses  will  require 
letting  together  for  adjustment.  If,  however,  the  joint 
faces  of  the  brasses  are  left  open,  the  cap  screws  are  apt 
to  slack  back,  there  being  no  pressure  on  them,  to  retain 
them  ui  their  places.  It  is  an  advantage  to  have  the  man- 
drel bored  nearly  through  its  length,  say  within  one  inch 
of  the  tail  pin  or  screw,  whose  coned  end  forms  the  bear- 
ing for  that  end  of  the  mandrel.  The  size  of  the  hole  re- 
ferred to  should  be  as  large  as  consistent  with  the  strength 
of  the  mandrel.   This  arrangement  is  sho\m  in  Fig.  45. 


The  usefuhiess  of  this  bore  or  hole  is  that  when  a  number 
of  small  pieces  require  to  be  turned,  a  nipping  chuck  can 
be  screwed  on  the  mandrel,  and  a  long  piece  of  stuli  can  be 
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pashecl  up  the  liolc,  aiuT  the  projecting  end  to  be  operated 
upon  nipped  in  the  chuck  j  then,  when  a  piece  is  finished, 
all  we  have  to  do  is  to  advance  our  long  piece  of  stuff  and 
procee-d  again. 

The  method  ordinarily  employed  is  to  drive  a  plug  into 
the  mandrel,  and  form  the  projecting  end  to  the  shape  re- 
quired. By  this  plan  more  stuff  is  lost  than  is  used ;  and 
if  the  plug  is  not  well  fitted  and  driven,  it  loosens  while  be- 
ing operated  ui^on,  to  say  nothing  of  the  trouble  of  extract- 
ing the  stub  from  the  mandrel  when  the  work  is  cut  off. 
Another  purpose  served  by  the  long  bore  is  that  it  will 
form  a,  guide  for  a  boring  bar. 

Tlie  cone  puUeyr,  should  be  as  light  as  possible  for  a  pow- 
er lathe.  Hard  wood  is  very  suitable  for  them,  the  manner 
of  tast  ening  to  the  mandrel  being  shown  in  Fig.  4a.  The 
cone  pulley.  A,  is  bored  to  fit  the  mandrel,  Vj,  tightly,  and 
secured  at  the  end  to  receive  the  light  brass  bush,  C, 
which  is  keyed  to  the  mandrel  and  screwed  to  the  pulley. 
The  reason  for  making  the  cone  i)ulley  of  wood  is  that,  if 
it  were  of  iron,  and  consequently  heavy,  it  would,  from  ita 
weight,  require  time  to  get  up  to  its  full  speed ;  and  from 
its  momentum,  it  would  take  some  little  time  to  stop  m 
both  cases,  especially  if  the  work  were  heavy.  The  tail 
stock  should,  in  addition  to  the  hand  wheel,  be  provided 
with  an  arm ;  and  a  lever,  to  give  rapid  motion  to  the  spindle 
when  used  for  boring  purposes,  should  be  added,  the  ar- 
rangement being  as  illustrated  in  Fig.  4G,  in  which  A  rep- 
resents the  arm  or  fulcrum,  and  B  the  lever,  which  is  ap- 
plied after  the  hand  wheel  is  removed.  The  end  of  the  screw 
must  be  cut  like  a  double  eye.  The  long  hole  or  slot  in  the 
middle  of  the  line  is  to  allow  for  the  dilfereucc  in  the  di- 
rection of  the  motion,  since  the  lever  moves  from  its  (  ud 
as  a  center,  while  the  tail  stock  spindle  moves  in  a  straight 
line.  The  supporting  frames  of  the  lathe  need  not  be  very 
heavy,  but  should  be  well  braced  to  the  shears  or  bed,  and 
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screwed  fast  to  the  floor.  It  is  not  an  uncommon  thing, 
when  an  unusually  large  job  is  being  done  in  the  lathe,  to 


brace  or  shore  the  lathe  by  means  of  braces  placed  between 
the  lathe  shears  and  the  floor,  wall,  "and  ceiling.  Of  this 
arrangement  it  is  sufficient  to  say  that  it  is  merely  a 
make-shift,  and  is  only  resorted  to  when  the  floor  is 
sprmgy.  In  cases  where  it  is  necessary  to  use  one  lathe 
for  both  large  and  small  work,  the  countershaft  overhead 
should  be  so  placed  that  the  belt  will  run  quarter-cross 
when  the  lathe  head  is  placed  across  the  bed,  in  which 
position  there  will  be  full  swing  for  large  work  from  floor 
to  ceiling. 

It  remains  now  to  provide,  for  large  work,  a  means  of 
supporting  the  hand  rest.  The  handiest  is  the  portable 
tripod  rest  shown  in  Fig.  47.  The  legs,  AAA,  are  curved 
so  as  to  get  the  rest  close  up  to  a  large  chuck.  Heavy 
weights,  in  the  form  of  a  U,  as  shown  at  B  B  B,  may  be 
clamped,  by  means  of  the  set  screw,  to  the  legs,  to  give  ad- 
ditional steadiness  if  required ;  but  if  good  spread  bo  given 
to  the  legs,  so  that  they  may  form  an  angle  of  about  00^ 
to  the  floor  (taken  from  the  point  of  the  foot  to  v/here  the 
leg  joms  the  hub),  the  weights  may  be  dispensed  with  j  and 


THE  LATHE. 


57 


at  the  same  time  more  space  will  be  occupied,  so  that  it 
may  not  be  possible  at  all  times,  on  account  of  surround- 
ing objects,  to  get  such 
a  broadly  spread  rest  in- 
to the  x>osition  required ; 
hence  a  narrower  spread 
in  conjunction  with  the 
weights,  is,  under  such 
condition,  the  most  desi- 
rable. 

"We  come  now  to  the 
various  chucking  contriv- 
ances employed  by  the 
pattern  maker.  In  Fig. 
48,  A  represents  a  fork 
center,  the  taper  part  of 
which  fits  into  the  lathe 
mandrel  in  place  of  a 
center,  the  extreme  end, 
B,  being  a  flat  projection, 
providing  that  there  is  a 
recess  in  the  mandrel  to 


receive  it,  as  there  should  be. 
But  if  the  lathe  mandrel  is 
bored  up  a  great  distance,  then 
the  extra  length  which  may  be 
given  to  the  conical  part  of  the 
fork  will  cause  adhesion  suf- 
cieiit  to  drive  the  work.  The 
broad  part  is  wedge-shai)ed  on 
the  edge  view,  the  center  point, 
C,  being  turned  conical,  similar 
to  a  common  center.  The  cen- 
ter, C,  acts  to  keep  the  work 
true,  and  as  a  guide  in  taking  the  work  in  and  out  of  the 
lathe,  while  the  prongs,  D  and  E,  drive  it.  This  tool, 
3* 
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however,  is  only  to  be  dcpendecl  upon  for  small  work  5 
for  larger  work,  center  plates  are  used.  They  are  made 
of  metal  and  screwed  firmly  to  the  work.  Of  these  cen- 
ter plates,  one  has  a  slot  in  it,  so  that  it  may  be  used  in 
conjunction  with  the  fork ;  while  another  has  a  conical 
hole  in  the  center,  which  hole  is  made  to  fit  the  back 
center  of  the  lathe.    They  may  be  made  of  hard  wood, 

screwed  to  a  small  iron  face 
plate;  such  plates  are  made 
useful  for  a  variety  of  pur- 
poses. A  pair  of  such  center 
plates  are  shown  in  Fig.  49  — 
A  being  that  to  receive  the 
back  center,  and  B  that  for  the  fork  center.  Another  driv- 
ing chuck  for  small  work  is  shoAvn  in  Fig.  50,  the  part.  A, 
having  an  internal  screw  to  fit  the  driving  screw  on  the 
lathe  spindle,  and  the  point, 
B,  being  a  coarse  screw  intend- 
ed to  screw  into  the  work  ; 
which  latter  should  have  a 
small  hole  bored  up  it  to  pre- 
vent (especially  in  the  case  of 
hard  woods)  the  pressure  of 
the  screw  from  splitting  the 
work. 

From  the  apphances  for  turn- 
mg  work  between  the  centers, 
we  pass  to  those  for  holding 
work  independent  of  the  back 
center  of  the  lathe  by  means 
of  chucks,  the  name  by  which 
such  appliances  are  generally  known.  Fij.  51  is  a  back 
view  of  a  face  plate,  to  which  work  may  be  held  by 
screws ;  the  usual  method,  however,  is  to  sc:ew  to  the  faco 
plate  a  disk  of  wood,  and  then  to  true  the  wood  across  the 
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face  and  on  the  diameter.  The  work  is  then  fixed  to  the 
new  surface  thus  obtained.  Many  good  iiurposes  are  serv- 
ed b}'  tlie  intervention  of  the  disk  of  v/ood  (or  chuck,  as  it 
is  usually  termed)  between  the  metal 
plate  and  the  work.  For  instance,  it  is 
a  guard  which  effectually  i)revents  the 
turning  tools  from  touching  the  metal 
of  the  face  plate.  It  supports  the  work 
(being  nearly  of  the  same  size)  when 
required,  and  obviates  the  necessity  of 
having  more  than  three  or  four  face 
I)lates  of  metal.  Its  surface  is  readily 
mad  eto  conform  to  the  shape  of  the 
work,  and  furthermore  it  is  very  readily 
trued  up.  When  we  have  to  deal  with 
large  sizes,  a  mere  disk  of  wood  will 
not  serve,  as  it  will  be  too  weak  across 
the  grain:  and  hero  it  may  be  remarked  that  the  work 
often  supports  the  chuck,  and  therefore  vre  should  alwaj's, 
^2    ^  in  fixing,  make  the  grahi 


of  the  work  cross  that 
of  the  chuck,  because 
the  centrifugal  force  due 
to  the  high  velocity  is 
M  so  great  that  both  the 
chuck  and  the  work 
have  before  now  been 
rent  asunder  by  reason 
of  the  non-observance  of 
this  apparently  smull 
matter.  When  it  is  considered  that  the  cluick  has  not 
sufiicient  strength  across  the  grain,  battens  should  be 
screwed  on  at  the  back;  but  a  cliuclv  so  strengthened 
will  require  truing  frequently,  on  account  of  the  strains  to 
which  its  fibers  will  bo  subjected  from  the  unequal  exi)au- 
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sion  or  contraction  of  its  component  parts.  Fig.  52  shows 
the  back  of  a  chuck  strengthened  by  the  battens,  AAA. 

Another  method  of  making  a  chuck  is  showii  in  Fig.  53. 
It  is  considered  superior  to  the  former,  from  its  greater 
ability  to  resist  outward  strains  in  every  direction,  while 
the  strains  to  which  it  must  necessarily  be  mbject,  from 
variations  of  temi^erature  and  humidity,  are  less  than  in  the 
former.  It  will  also  be  found  that  it  can  be  trued  with 
greater  facility,  esi)ecially  on  the  diameter,  as  the  turning 
tool  will  uot  be  exposed  to  the  end  grain  of  the  wood.  To 
make  one  of  these  chucks  about  2  feet  in  diameter,  we  pro- 
ceed as  follows :  Procuring  two  bars  for  the  back,  say  4x2 


inches  and  2  feet  long,  we  i)lane  them  all  over :  then  in  the 
middle  of  each  we  cut  out  the  recess  (shown  at  A  in  Fig. 
53)  to  a  depth  equal  to  half  the  thickness,  the  vidth  of  the 
recess  being  equal  to  that  of  the  bar ;  this  proiess  is  term- 
ed half  cliecking.  We  next  fasten  these  bars  together  by 
gluing  and  screwing  them  at  the  center,  driving  the  screws 
thightly  home  while  the  glue  is  warm.  Upon  tie  cross  thus 
formed,  we  superpose  the  segments  shown  in  tie  front  view 
of  Fig.  53,  at  B  B  B ;  these  may  be  of  almost  any  thick- 
ness, say  from  §  to  1^  inch.  They  should  b^  planed  on 
the  back,  and  should  not  extend  to  the  cento?,  but  leave 
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an  open  space  (as  shown  in  Fig.  53,  at  C)  of  about  4  or  5 
inches.  This  oi)euing  can  be  filled,  if  desired,  by  screwing 
on  a  square  piece.  If  the  segments  were  carried  to  the  cen- 
ter, they  would  be  too  weak  to  bear  a  screw  near  that  point ; 
and  again,  in  large  chucks  we  very  seldom  require  to  use 
the  part  about  the  center.  Chucks  of  very  large  size  —  that 
is  to  say,  from  4  feet  upwards — will  require  more  support 
than  is  afforded  by  the  four  arms  of  the  cross.  Three  bars 
can  be  put  together,  so  as  to  give  six  arms,  which  will  an- 
swer probably  for  a  G  or  7  feet  chuck.  For  still  larger  sizes, 
it  is  necessary  to  cast  a  strong  circular  plate  to  form  the 
middle  of  the  chuck,  and  to  then  bolt  the  requisite  number 
of  arms  to  it.  The  strength  of  the  chuck  will  of  course 
depend  upon  the  number  of  arms  and  their  depths ;  and 
unless  the  chuck  is 
very  substantial,  a 
difficulty  will  be  ex- 
perienced in  turn- 
ing, on  account  of 
the  tremor.  A  chuck 
having  the  middle 
of  iron  and  the  out- 
side of  wood,  sup- 
ported by  arms,  is 
shown  in  Fig.  54. 

In  shops  where 
the  size  of  the  work 
necessitates  the  em- 
ployment of  chucks 
of  so  large  a  diame- 
ter, a  special  lathe 
is  of  great  advantage,  because  a  lathe  having  an  elevated 
bed  is  so  tremulous  and  shaky ;  while  those  having  large 
solid  heads  are  too  cumbersome,  and  are  not  belted  to  run  at 
a  sufficiently  high  rate  of  speed.  In  such  cases,  the  arrange- 
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ment  shown  in  Fi^-.  55  is  an  excellent  one.  A  represents 
a  liitlie  head  bolted  lirmly  to  two  uprights,  B  B,  which  are 
firmly  fixed  to  the  joists,  0,  and  to  the  flooring  at  D,  right 
over  and  upon  the  joists  supporting  the  flooring,  or  else 


npon  beams  provided  tor  the  purpose.  By  this  means  the 
work  may,  if  the  lathe  head  is  fixed  midway  upon  the  posts, 
B  B,  be  as  large  as  the  space  between  the  oiiling  and  the 
flooring  will  admit,  a  movable  tripod  rest,  such  as  shown 
in  Fig.  47,  bahig  employed  for  a  tool  rest. 

Fig.  5a  represents  a  side  and  face  view  of  a  very  useful 
chuck,  suitable  for  hoMing  core  boxes  while  boring  them. 
It  is  shown  attached  to  one  of  the  metal  pla:es  that  fit  the 
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mandrel  of  tlic  lathe,  and  is  usually  made  of  hard  wood ; 
but  for  a  large  sized  one,  say  15  or  more  inches  in  diameter, 
the  disk  portion,  A,  may  be  made  of  pine  wood.  The 


two  sides,  B  B,  are  firmly  fixed  to  the  disk,  their  inner 
edges  being  planed  at  an  acute  angle  to  it.  The  work  is 
held  by  driving  the  wedges,  C  0,  and  may  be  truly  chuck- 
ed by  them  in  a  comparatively  short  space  of  time. 

Another  very  useful  chuck  is  shown  in  Fig.  57.  It  will 
answer  the  same  purposes  as  that  shown  in  Fig.  56.  It 
is,  however,  made  entirely  of  metal,  somewhat  similar  to  a 
machinist's  dog  chuck,  but  much  lighter.  Pieces  of  wood 
may  be  screwed  on  the  jaws  at  A  A,  and  bored  to  the  cur- 
vature of  any  round  piece  of  wood  — an  advantage  which 
the  chuck  shown  in  Fig.  56  does  not  possess.  Or  the  jaws 
may  be  turned  round  in  their  places,  so  that  the  faces,  A 
A,  will  stand  outwards,  and  the  wooden  pieces  screwed 
thereon  may  be  made  to  fit  a  hole.  This  chuck  will  be 
found  to  save  much  time  over  the  plan  of  screwing  work 
to  the  common  face  plate.  V  pieces  of  wood  may  be  fixed  to 
the  jaws,  and  a  piece  of  work  in  the  rough  held  by  them 
during  the  process  of  facing,  boring,  and  turning  the  pro- 
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jecting  part.  Tlie  work  can  then  be  reversed  in  the  chucli, 
and  similar  operations  performed  on  the  opposite  end ;  and 
the  work  can  be  taken  from  the  lathe  and  tried  as  to  either 


fit  or  conformation,  and,  if  necessary,  restored  in  a  mo- 
ment to  its  original  position  in  the  chuck,  so  as  to  run 
quite  true ;  but  at  the  same  time,  for  first  class  work,  it  is 
better  not  to  use  the  V's  on  finished  surfaces.  For  holding 
bits  and  small  work,  neat  little  chucks  may  be  purchased 
at  the  hardware  stores,  and  they  act  similarly  to  the  nip- 
ping arrangements  apphed  to  boring  braces.  These  chucks 
can  be  supplied  to  screw  on  the  lathe  mandrel  ,•  or  they 
will,  with  a  taper  shank,  fit  into  the  taper  holes  provided 
to  fit  the  lathe  centers.  It  is  well  to  have  one  of  each,  so 
as  to  be  able  to  use  one  of  them  in  place  of  the  still  lathe 
center,  to  operate  upon  work  already  chucked  on  the  face 
plate  of  the  lathe. 

A  simple  and  very  useful  chuck  still  remains  to  be  de- 
scribed, being  what  is  known  as  the  cement  chuck,  which  is 
made  as  follows :  A  disk  of  hard  wood  is  screwed  to  a 
metal  plate,  where  it  should  remain  permanently ;  but  if 
the  face  plate  cannot  be  spared,  bore  a  slightly  taper  hole 
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through  tlie  disk,  a  little  smaller  than  the  diameter  of  the 
screw  of  the  lathe  mandrel,  and  partly  through  the  disk. 
Then  screw  the  disk  on  the  mandrel,  working  the  disk 
backwards  and  forwards  to  form  a  thread  in  the  bore  of 
the  disk,  and  then  turn  and  face  it  perfectly  true.  Then 
bore  a  small  hole  in  its  center,  and  drive  in  a  i)iece  of  soft 
steel  wire,  leaving  a  short  length 
I)rojecting  from  the  face,  and  turn  it 
to  a  point,  as  shown  in  Fig.  58. 

The  object  of  this  chuck  is  to  drive 
thin,  delicate  work,  which  it  would 
be  diificult  to  screw  or  clamp  by  ad- 
hesion, and  this  is  accomplished  as 
follows:  We  first  prepare  a  wax, 
composed  of  8  parts  of  resin  to  1  of 
the  best  beeswax,  melted  and  well 
stirred  together,  and  run  into  tubes 
of  i)aper  or  other  suitable  molds.  To 
chuck  the  work,  we  take  a  stick  of 
the  wax,  and  press  its  end  against 
the  face  of  the  chuck  while  the  lathe 
is  running,  and  then  place  the  cen- 
ter of  the  piece  of  work  on  the  steel 
point,  applying  sufficient  pressure  to  cause  the  steel  point 
to  force  its  way  into  the  work.  Just  before  the  work 
touches  the  wax  surface,  we  throw  the  lathe  belt  on  to  the 
looses  pulley ;  and  the  momentum  of  the  lathe,  combined 
with  a  moderately  heavy  pressure,  will  generate,  by  fric- 
tion, sufficient  heat  to  melt  the  wax  and  cause  the  work  to 
adhere  to  the  chuck.  The  work  may  be  detached,  when 
necessary,  by  inserting  behind  it  a  thin  wedge  or  blade. 


TURNING  TOOLS. 

The  turning  work  necessary  in  making  patterns  is  usu- 
ally done  by  hand;  although  on  small  and  plain  work. 
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sucli  as  simple  boring  and  facing,  slide  rest  tools  may  be 
used  to  advantage,  iuasmuch  as  they  will  operate  quicker 
than  band  tools.  Since,  however,  pattern  lathes  are  not 
usually  provided  with  slide  rests,  we  shall  confine  our 


remarks  to  hand  tools.  For  roughing 
out,  the  turning  gouge,  shown  in  Fig. 
59,  is  used.  In  grinding  this  gouge,  it 
is  necessary  to  lower  the  back  hand 
when  grinding  at  and  towards  the 
outside  corners,  so  that  the  cutting 
edges  may  be  formed,  by  the  junction 
of  two  faces,  at  as  acute  an  angle  as 
those  forming  the  cutting  edge  in  the 
centre  of  the  width  of  the  tool. 

It  is  always  the  custom  to  reduce 
the  work  in  the  lathe  to  nearly  the  re- 
quired form  by  this  tool,  the  finishnig 
tools  being  {with  one  exception)  sim- 
ply scrapmg  tools,  and  not,  properly 
speaking,  cutting  tools;  hence  it  is 
evidently  inadvisable  to  leave  much 
for  them  to  take  off.  The  manner  of 
holding  the  gouge  is  shown  in  Fig.  CO. 
One  hand  grasps  the  handle  near  the 
end,  while  the  other  grasps  the  gouge 
near  the  cutting  point,  that  is  to  i&ay, 
as  near  as  the  hand  rest  will  permit. 
It  is  sometimes,  however,  necessary 
to  slightly  vary  the  manner  of  holding, 
by  passing  the  forefinger  of  one  hand 


around  the  hand  rest  while  the  gouge  is  confined  between 
the  thumb  and  forefinger,  thus  gripping  the  gouge  end  to 
the  rest.  This  is  advisable  when  turning  a  i)iece  of  work 
that  is  not  comj)letely  round,  as,  for  instance,  tipping  off 
the  teeth  of  a  gear  wheel,  in  which  case  gripping  the  gouge 
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to  the  hand  rest  will  steady  it  and  prevent  it  from  digging 
into  the  work.  The  gouge  is  shown,  in  Fig.  60,  to  be  cut- 
ting from  right  to  left ;  it 


will,  however,  cut  equally 
well  if  used  from  left  to 
right,  in  which  case  the 
position  of  the  hands 
must  be  reversed,  the 
left  band  gripping  the 
gouge  near  the  cutting 
edge.  In  either  case, 
liowever,  the  gouge  Is 
not  held  horizontally 
level,  but  is  tilted  to  one 
side,  the  lower  side  being 
the  cutting  one,  other- 
wise the  tool  would  rip 
into  the  work. 

Fig.  Gl  shows  the  sec- 
tion o»f  the  tool  and  the 
tilt  of  the  tool  when  cut- 
ting from  right  to  left; 
while  that  of  the  tool.  A, 
shows  tilt  when  cuttiug 
from  left  to  right.  The 
reasons  for  this  are  as  follows :  The  face  of  the  gouge,  on 
its  hollow  side  and  „ 


near  the  cuttiug 
edge,  receives  the 
strain  which  is  ne- 
cessarj"  to  curl  the 
shaving,  that  is  to 
say,  Avhich  is  ne- 
cessary to  force  it 
out  of  the  straight 
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line.   But  if  we  were  to  place  the  gouge  in  the  position 
shown  in  Fig.  61,  at  C,  the  whole  of  this  strain  would  bo 
placed  upon  the  gouge,  tending  to  force  it  forward  and  into 
the  cut,  as  denoted  by  tbe  direction  of  the  arrow;  and  as 
a  consequence,  tlie  gouge  would  run  forward  and  dig  into 
the  work,  in  spite 
of  all  endeavors 
to    prevent  it. 
When,  however, 
the  gouge  is  held 
in  the  ])ositions 
relative  to  its  line 
of  travel  to  its  cut, 
shown  in  Fig.  61, 
at  A  and  B,  there 
is  but  little  ten- 
dency for  it  to  run 
forward,  and  it 
can  be  fed  easily 
to  its  cut.   In  ad- 
dition to  its  use 
as  a  roughing  tool, 

the  gouge  makes  a  very  efficient  finishing  tool 
for  hollows,  though  it  is  not  often  employed  as 
such  by  ])attern  makers.  In  this  case,  however, 
great  care  must  be  taken  in  controlling  its  posi- 
tion to  the  work,  as  shown  in  Fig.  61. 

For  finishing  plain  work,  we  have  the  tool 
shown  in  Fig.  62,  which  is  the  exception  noted 
previously  as  being  a  finishing  and,  at  the  same 
time,  a  cutting  tool.  It  is  called  a  skew  chisel, 
because  its  cutting  edge  is  ground  at  an  angle 
or  askew  to  the  center  line  of  its  length.  Fur- 
thermore, it  is  beveled  at  the  cutting  end  on  both  sides 
(as  shown  in  the  edge  view),  being  ground  very  keen.    It  is 
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emplos^ed  for  finishing  straiglit  or  parallel  surfaces,  and 
for  dre^ssing-  down  the  ends  or  down  the  sides  of  a  collar 
or  sho>ulder.   When  used  for  finishing  straight  or  parallel 
surfacces,  it  performs  its  cutting  in  the  center  of  the  length 
of  its  (cutting  edge  only,  as  shown  at  A,  in  Fig.  63,  and  is 
held  iin  the  position  relative  to  the  work  shown  in  Fig.  62. 
Wheni  nicely  sharpened  it  leaves  a  polish,  unhke  other 
flnishiing  tools;  but 
with    these  advan- 
tages,, it  has  a  draw- 
back ((and  a  serious 
one)  tto  learners,  as 
it  seenns  to  have  a 
terrib)le  propensity 
for  te;aring  into  the 
work,,  whether  it  is 
used  upon  the  cir- 
cumfe3rence  or  facing 
the  shioulders  of  the 
Avork..  This  difficulty 
can  (Only  be  over- 
come   by  practice, 
and  Ithe  reason  lies 
in  thie  ditiiculty  of 
learniing    how  to 
handlle  the  tool  with 
dextcBrity.    It  must 
be  hield  almost  flat 
to  thee  work ;  and  yet,  if  it  should  get  quite  flat  against  the 
work.,  the  cutting  edge  would  cut  along  its  whole  length, 
and  t:he  pressure  of  the  cut  would  be  sufQcient  to  force  the 
tool  (edge  deeper  into  the  work  than  is  intended,  which 
process  would  continue,  causing  the  tool  to  rip  in  and  spoil 
the  work.   The  face  of  the  chisel  nearest  to  the  face  of  the 
work:  being  operated  upon,  stands  almost  parallel,  with 
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just  sufficient  tilt  of  the  tool  to  let  tlie  cutting  edge  meet 
tlie  work  in  advance  of  the  inside  face  of  the  tool  j  or  in 
other  words,  the  amount  of  the  tilt  should  be  about  that 
of  the  intended  depth  of  the  cut ;  so  that,  when  the  cutting- 
edge  of  the  tool  has  entered  the  wood  to  the  requisite 
depth,  the  flat  face  will  bear  against  the  work  and  form  a 
guide  to  the  cutting  edge.  The  corner  of  the  chisel  which 
is  not  cutting  must  be  kept  clear  of  the  work.  Fig.  G3  will 
convey  tlie  idea,  the  arrows  showing  the  du^ection  in  which 
the  chisel  is,  in  each  case,  supposed  to  be  traveling. 

Tlie  short  lines,  A  and  B,  under  the  arrows,  and  those 
touching  the  collar,  at  C  and  D,  show  the  tilt  or  inchne  of 

the  chisel  to  the 
work.  In  turning 
the  circumference, 
the  obtuse  corner  of 
the  chisel  is  the  cut- 
ting one;  while  in 
turning  down  a  side 
face,  it  is  the  acute 
angle.  Most  pattern 
makers,  however, 
do  not  often  use 
the  skew  chisel  for 
finishing  straight 
cylindrical  work, 
because  it  is  liable 
to  make  the  surface 
of  the  work  more  or 
less  wavy.  It  is, 
however,  almost  al- 
ways used  for  cut- 
ting off  and  for 
cutting  down  shoulders,  for  which  purpose  it  is  highly  ad- 
vantageous.  For  circumferential  work  on  cylindrical  sur- 
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faces,  an  ordinary  chisel  is  mostly  employed,  tlie  position 
ill  which  it  is  held  to  the  work  causing  it  to  scrape  rather 
than  cut.  A  worn-out  paring  chisel  is  as  good  as  any. 
Such  a  chisel  is  shown  in  Fig.  G4,  the  position  in  which  it 
is  held  being  illustrated  by  A,  which  represents  a  sectioi*^^ 
of  a  piece  of  cylindrical  work ;  B  representing  the  chisel,  ^ 
and  C  the  hand  rest.  Some  pattern  makers  prefer  to  in- 
crease  the  keenness  of  this  tool  by  holding  it  so  that  the 
plane  of  its  length  lies  in  the  direction  denoted  by  the  dot- 
ted line,  D ;  this,  however,  renders  it  more  Ukely  to  rip 


^1 


Fiy.65.  ^ 


into  the  work,  and 
the  position  shown  is 
all  that  is  necessary, 
providing  the  cut- 
ting edge  be  kept 
properly  sharpened. 
This  chisel  is  also 
used  on  side  faces. 

Still  another  tool, 
sometimes  used  for 
finishing  plain  cyUn- 
drical  surfaces  and 
side  faces,  is  that 
show  n  in  Fig.  65,  at 
A.  It  is  used  in  the 
same  manner  and  re- 
lative position  as 
the  chisel  shown 
above,  in  Fig.  64. 

For  finishing  hol- 
lows, which  should 
first  be  loughed  out 
with  the  gouge,  the  form  of  tool  shown  at  B,  in  Fig.  05, 
should  be  used.  Several  of  these  tools,  of  various  sizes, 
should  be  kept ;  they  are  used  in  the  same  position  as  the 
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finishing  chisel,  shown  in  Fig.  64.  The  tool  shown  at  C,  in 
Fig.  05,  is  used  upon  large  work,  and  is  advantageous  be- 
cause it  presents  less  surface  of  cutting  edge  in  proportion 
to  the  depth  of  the  cut  than  the  gouge ;  and,  in  consequence, 
it  is  less  liable  to  cause  the  work  to  jar  or  tremble.  It  is 
usually  made  about  2  feet  long,  which  enables  the  opera- 
tor to  hold  it  very  firmly  and  steadily.  It  is  used  with 
its  top  face  lying  horizontally,  and  should  be  kept  keen. 

D,  in  the  same  figure,  represents 
a  similar  tool,  with  a  round  nose ; 
this  latter  is  not,  however,  made 
long,  and  may  be  used  in  a 

II  '         liU    "l  I  li^ndle. 
iWm       I         ^or  boring  and  shouldering 

IliHUfl       I       purposes,  the  tools  shown  in  Fig. 
I  Mil  J      II        CO  are  employed;  those  shown  at 


A  and  B,  having  their 


cutting 


edges  at  0  and  D,  are  therefore 
right  and  left  hand  tools.  When, 
however,  the  hole  is  too  small  to 
admit  of  those  tools  being  used, 
that  shown  at  E  may  be  employed, 
its  cutting  edge  being  at  F. 

The  temper  of  all  these  tools 
should  be  drawn  to  a  light  brown 
color,  and  the  instruction  given 
for  grinding  bench  tools  should 
be  rigidly  observed  in  grinding 


and  oilstoning  these  turning  tools. 


CHAPTER  III. 


THE  FOUNDRY. 
HOW  A  PATTERN  IS  MOLDED. 

It  Las  been  already  remarked  that  tlie  operations  of  the 
molder  are,  to  a  large  extent,  predetermined  by  the  pat- 
tern maker ;  hence  it  becomes  necessary  that  the  latter 
shall  have  a  knowledge  of  foundry  work,  otherwise  he  is 
likely  to  make  the  patterns  very  expensive  and  awkward 
to  mold.  In  learning  the  trade,  an  apprentice  is  usually 
put  to  work  and  distinctly  instructed  as  to  the  required 
form  of  his  work,  without  knowing  anything  of  the  reasons 
therefor.  In  this  way  he  attains  a  practical  knowledge  of 
how  diflerent  classes  of  patterns  should  be,  or  are,  usually 
made ;  but  it  takes  him  years  to  become  an  expert  me- 
chanic, for  the  reason  that,  having  learned  by  rote,  he  is  in- 
capable of  meetmg  new  conditions  to  the  best  advantage, 
until  his  experience  has  included  both  observations  in  the 
foundry  and,  in  some  cases,  consultations  with  foundry- 
men.  Before  entering,  tberefore,  into  the  method  of  put- 
ting together  different  kinds  of  pattern  work,  it  will  be 
well  to  take  a  glance  at  the  foundry,  and  examine  the 
contrivances  and  the  operations  of  the  workmen,  so  that 
our  operations  in  pattern  work  may  be  intelligently  made 
from  the  beginning. 

The  floor  of  the  foundry  first  demands  our  attention.  It 
is  composed  of  a  layer  of  molding  sand  of  sufficient  depth 
to  imbed  patterns  of  the  size  usually  cast  in  that  foundry. 
For  exceptionally  large  work,  there  is  usually  a  place 
where  the  natural  earth  has  been  excavated  to  a  greater 
depth ;  the  cavity  is  filled  with  molding  sand.  This  place 
is  usually  within  easy  reach  of  the  crane  (which  commands 
4 
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almost  every  part  of  the  floor)  and  the  threshold  of  the 
melting  furnace  or  cupola.  We  next  observe  the  capa- 
cious oven  for  baking  cores  and  drying  molds  for  such 
special  work  as  may  require  these  operations;  but  the 
particular  contrivance  with  which  the  pattern  maker  ha  s 
now  to  concern  himself  is  represented  in  Fig.  67.  It  is 
called  a  flask,  and  is  composed  of  two  or  more  parts  (two 
only  being  shown  in  the  engraving).    The  lower  part  is 


called  the  nowel,  and  the  upper  the  cope.  Each  part  is 
simply  a  strong  rectangular  frame  of  wood  or  iron.  The 
sides,  being  continued  past  the  rectangles,  are  roughly 
shaped  for  use  as  handles.  The  cope  is  provided  wdth 
several  crossbars,  which  embrace  the  pattern,  as  it  were, 
being  roughly  shaped  like  it  in  contour  and  approaching 
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it  in  size,  being  about  half  an  inch  larger  all  round.  These 
bars,  by  their  adhesion,  support  the  body  of  the  sand  in 
the  cope,  and  in  this  they  are  frequently  assisted  by  nails 
driven  nearly  half  way  into  them.  When  an  intermediate 
part  is  used  with  the  two  parts  shown  in  Fig.  67,  the  con- 
trivance is  called  a  three-part  flask ;  with  two  intermedi- 
ates it  is  called  a  four-part  flask,  and  so  on.  As  the  cope 
is  provided  with  crossbars,  so  also  the  intermediates,  hav- 
ing to  lift  a  ring  of  sand,  are  provided  with  wings ;  that  is 
to  say,  as  much  crossbar  as  wOl  extend  from  the  sides  to 
within  about  half  an  inch  of  the  pattern.  The  parts  are 
guided,  in  their  position  one  to  the  other,  by  taper  pins  on 
one  part  fitting  into  eyes  fixed  to  the  other  part,  as  shown 
in  Fig.  67,  in  which  the  cope  is  shown  with  the  side  hav- 
ing the  two  pins  exposed  to  view,  while  the  opposite  side 
of  th©  nowel,  having  one  eye,  is  visible.  In  many  cases, 
and  for  large  work,  the  nowel  is  dispensed  with,  and  the 
foundry  floor  is  used  in  its  stead,  in  which  case  the  cope  is 
guided  to,  and  retained  in,  its  place  by  stakes  driven  into 
the  floor  sand,  as  shown  in  Fig.  68,  so  that,  when  lifted  to 
admit  of  the  pattern  being  drawn  from  the  mold,  the  cope 
may  be  returned  to  its  exact  proper  and  former  position. 
In  Fig.  68,  A  represents  the  pattern  whose  impression  in 
the  floor  sand,  at  M,  forms  a  part  of  the  mold.  B  repre- 
sents the  cope ;  for  the  word  cope  is  usually  apphed  to  the 
upper  part  of  the  mold  as  well  as  to  that  portion  of  the 
flask  which  contains  it.  The  top  print,  0,  of  the  pattern, 
has  formed  its  impression  in  the  cope  at  P.  E  is  a  round 
taper  peg,  which  leaves  a  hole  in  the  cope  at  r,  through 
which  hole  the  molten  metal  is  poured.  It  also  leaves  an 
indentation  a,tr';  and  from  this  latter  a  gutter  is  made  by 
the  m  older  to  communicate  with-  the  mold,  M,  as  shown. 
The  stakes  referred  to  above  are  marked  S.  The  dots, 
shown  around  the  impression  of  the  top  pattern  print,  C, 
in  the  cope,  are  small  holes  made  in  the  sand  (after  the 
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molding  is  finished)  by  a  piece  of  fine  wire,  and  are  for  the 
purpose  of  giving  vent  to  the  air  and  gases  which  must 
escape  when  the  metal  is  poured  in. 


It  will  be  seen  that,  when  a  mold  is  made  in  the  flask  we 
have  described,  it  can  perform  no  further  duty  until  the 
casting  has  been  made ;  for  every  mold,  therefore,  we  re- 
quire a  flask,  and  hence  the  i)ile  of  these  appliances  we 
always  see  in  a  foundry.  For  light  work,  however,  a  com- 
paratively modern  and  greatly  improved  device  has  como 
into  general  use.  It  is  termed  a  snap  flask,  each  part  hav- 
ing a  hinge  at  one  corner  and  a  latch  at  the  diagonally  op- 
posite one  J  so  that,  after  the  mold  is  made,  it  can  be 
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detached  from  the  perfected  mold  and  can  be  used  to  make 
another.  Sometimes,  though  rarely,  it  happens  that  a 
casting  is  required  of  such  form  that  the  i)atterns  cannot 
be  constructed  so  as  to  be  molded  with  a  flask  of  the  or- 
dinary kind.  The  flask  requires  to  come  to  pieces  and  the 
mold  to  be  parted  sidewise  5  this  adds  greatly  to  the  labor 
of  the  molder,  and  the  pattern  maker  should  so  construct 
the  pattern  as  to  avoid  this,  whenever  he  can  devise  any 
means  of  so  doing.  Even  when  the  pattern  is  molded 
in  the  floor,  the  mold  is  sometimes  of  necessity  made  to 
part  on  one  or  more  of  its  sides,  and  these  partings  are 
termed  drawbacks. 

By  watching  the  operations  of  a  molder,  we  shall  observe 
that,  in  the  case  of  a  solid  pattern — that  is  to  say,  a  pattern 
not  made  in  halves — he  always  endeavors  to  have  as  little 
of  the  pattern  in  the  cope  as  possible,  and  in  this  respect 
the  pattern  maker  should  supplement  his  efforts.  The  rea- 
son is  obvious :  the  cope  has  to  be  lifted  while  as  yet  there 
has  been  no  opportunity  to  loosen  the  pattern  in  the  mold. 
It  is  true  that,  in  some  cases,  a  bar  is  passed  through  the 
cope  and  driven  into  the  pattern,  and  by  rapping  it  the 
loosening  is  accomplished ;  but  it  is  not  well  to  have  re- 
course to  such  an  expedient,  because,  wherever  the  bar 
passes,  the  cope  is  damaged,  and  must  be  mended ;  and 
when  a  mold  has  to  be  mended,  it  is  doubtful  if  the  cor- 
rect form,  such  as  the  pattern  would  have  given  it,  will 
be  left.  Furthermore,  it  is  all  work  in  the  dark ;  for  the 
effect  or  extent  of  the  rapping  cannot  be  scrutinized,  and  it 
may  therefore  produce  an  undue  distortion  in  one  direction, 
while  in  another  it  may  not  have  been  effectual.  Perhaps 
the  bar  may  have  descended  at  a  place  iu  the  pattern 
where  it  is  comparatively  weak,  from  crossgrain  of  the 
wood  or  from  some  other  cause.  This  measure  is,  there- 
fore, on  account  of  these  difficulties,  seldom  resorted  to  ; 
and  it  may  be  generally  disregarded  in  the  calculations  of 
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the  pattern  maker.  The  cope,  then,  being,  as  we  may  say, 
a  dead  Hft,  and  with  nothing  to  guide  the  operator  in 
moving  it,  either  horizontally  or  vertically,  any  part  of  the 


2^^.69, 
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mold  contained  in  it  is  much  more  liable  to  break  down 
than  is  the  other  part  of  the  mold.  In  extracting  the  pat- 
tern from  the  lower  part  of  the  mold,  the  eye  lends  to  the 
molder  great  assistance.  The  pattern  can  be  loosened  in 


the  sand  before  extraction,  and  is  furthermore  less  cum- 
bersome to  handle  than  is  the  cope :  all  of  which  circum- 
stances tend  to  preserve  the  lower  part  of  the  mold  from 
damage  during  the  extraction  of  the  pattern.  Rapphig  a 
pattern  tends  to  alter  the  form  of  the  mold  from  that  calcu- 
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lated  upon.  A  circle  becomes  slightly  oval,  a  square  be- 
comes an  oblong,  and  so  on :  and  this  cannot  in  most  cases 
be  avoided,  because  it  is  necessary  to  rap  the  pattern  so  as 
to  enable  the  molder  to  extract  the  pattern  without  draw- 
ing out  the  sand  with  it ;  all  that  can  be  done  in  this  direc- 
tion is  to  rap  the  pattern  as  little  as  possible,  and  equal- 
ly in  all  directions. 

WTien  a  flask  nowel  is  used,  the  labor  involved  in  mak- 
ing a  parting  of  the  mold  is  facilitated.  Fig.  G7  shows  a 
board  cope  and  nowel  for  an  ordinary  straight  parting ; 
but  it  is  evident  that  the  parts  of  the  flask  may  be  made 
to  show  a  crooked,  a  curved,  or  irregular  line  at  the  joint, 
if  it  i  s  required,  in  which  case  the  bed  board  must  be  made 
of  similar  conformation.  The  process  of  molding  with 
a  flask  independently  of  the  floor,  is  illustrated  in  Figs.  70 
and  71.  If  it  be  required  to  mold  the  pattern  illustrated 
in  Fig.  69,  which  is  made  in  halves,  the  joint  being  de- 
noted by  the  line,  A  A,  one  of  the  halves  is  taken  and  laid 
with  its  flat  face  upon  the  molding  board,  B,  shown  in  Fig. 
70.  The  nowel,  N,  is  then  placed  upon  the  board,  so  that 
the  half  of  the  pattern  will  be  in  about  the  middle  of  the 
flask  nowel.  Sand  is  then  rammed  tightly  hi  the  nowel ; 
and  when  the  latter  is  filled  with  the  sand,  it  is  turned 
upside  down,  showing  the  flat  face  of  the  half  pattern,  the 
rest  of  the  half  pattern  being  imbedded  in  the  sand.  The 
other  half  of  the  pattern  is  then  placed  upon  the  one  in  the 
sand,  its  proper  position  being  determined  and  regulated 
by  pegs  fitting  into  holes,  provided  in  the  first  part,  to  re- 
ceive them.  The  next  operation  is  to  put  on  the  cope,  as 
shown  in  Fig.  71,  the  taper  pins  being  fast  to  the  cope  lugs 
shown  on  the  sides,  fitting  into  holes  jirovided  in  the 
no  well  lugs,  similarly  shown,  serving  to  hold  the  cope  in 
position  and  prevent  it  from  moving.  The  cope  is  then 
filled  with  sand,  lightly  rammed,  the  taper  pin,  R,  Fig.  68, 
being  inserted  to  leave  in  the  mold  the  hole^  E,  Fig.  71, 
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through  which  to  pour  the  melted  metal.  The  cope  is  now 
lifted  vertically ;  and  as  the  pattern  is  made  in  halves,  the 
top  half  lifts  with  the  sand  in  the  cope.   In  some  cases  a 


screw  is  fixed  into  the  top  half  of  the  pattern,  the  head  of 
the  screw  projecting  into  the  cope:  the  object  being  to 
insure  tliat  the  top  half  of  the  pattern  shall  lift  with  the 
cope.   The  next  procedure  is  to  extract  the  two  halves 


of  the  patterns  from  the  molds,  and  perform  any  trimming 
or  repau-ing  that  the  mold  may  require,  after  which  the 
cope  is  agam  placed  upon  the  nowel,  and  the  mold  is  com. 
plete,  ready  to  have  the  metal  poured  in. 
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In  Figs.  76  and  77,  we  have  another  example  of  flask 
molding,  but  for  a  pattern  of  different  shape  to  our  pre- 
vious one.  The  pattern  is,  in  this  case,  not  made  in 
halves,  its  flanges  on  one  side  being  left  loose.  In  Fig. 
76,  ane  half  of  the  pattern  is  shown  on  the  molding  board, 
and  the  nowel  placed  thereon  and  rammed  with  sandj 


while  in  Fig.  77,  the  pattern  is  shown  molded  and  ready 
to  liave  the  cope  taken  off,  A  representing  one  of  the 
crossbars  fitted  into  the  cope,  and  following  the  outUne 
of  tlie  pattern. 


4* 


CHAPTER  IV. 


THE  POUNDET. 
ON  COEES. 

CoEES  are  projecting:  bodies  of  sand,  eitheir  left  in  the 
mold  by  the  pattern  itself  or  else  made  in  a  separate 
device  called  a  core  box.  They  are  placed,  after  being 
dried,  in  position  in  the  mold.  The  purpose  of  a  core  of 
the  latter  description  is  to  leave  a  hole  or  recess  of  such  a 
peculiar  shape  or  in  such  a  position  that  it  is  impracticable 
to  make  the  mold  of  the  necessary  conformation  by  the 
use  of  the  pattern  alone.  The  use  of  these  cores  also  per- 
mits us  to  modify  the  shape  of  a  pattern  that  would  other- 
wise be  difficult  to  mold.   For  example.  Fig.  78  jepresents 


Jut.  7S. 


a  plate  of  such  length  that  it  is  necessary  to  mold  it  in  the 
direction  indicated  by  the  arrow ;  as  the  pendants,  which 
are  long  and  narrow,  with  their  projections  at  the  extrem- 


THE  FOUNDEY  —  COUES. 


83 


ities,  would  lock  tlie  pattern  in  the  mold.  Three  methods 
present  themselves  whereby  to  overcome  the  difficulty. 
First,  we  may  make  the  projection  loose,  the  vertical  line, 
A,  being  the  joint ;  it  is  held  in  position  by  vertical  dove- 
tails or  by  horizontal  wires,  as  shown  in  Fig.  78.  In  the 
latter  case,  the  molder,  when  ramming  the  sand,  with- 
draws the  wires ;  and  when  the  pattern  is  withdrawn  from 
the  mold,  the  two  different  projecting  pieces  are  left  in  the 
mold,  and  are  subsequently  retracted  horizontally,  and 
then  lifted  out.  It  is  obvious  that  this  can  only  be  done 
when  there  is  sufficient  space  to  accommodate  the  project- 
ing piece  as  it  is  withdrawn  from  its  recess  in  the  sand, 
and  to  admit  of  its  being  raised  to  the  surface.  To  this 
method  there  is  the  objection  that  the  recess  left  by  the 
projecting  i^iece  in  the  mold  cannot  be,  in  many  cases, 
either  inspected  or  dressed,  if  any  reparation  is  required. 
A  second  plan  would  be  to  make  the  projecting  i)iece  join 
tlie  pattern  at  the  horizontal  line,  B,  in  Fig.  78,  but  sepa- 
rable from  it;  but  in  this  case  a  three-part  flask  would 
have  to  be  used,  entailing  double  work  for  the  molder. 
The  third  method  is  to  affix  the  core  prints,  C  0,  to  the 
sides  of  the  pattern,  leaving  those  sides  smooth  and  even ; 
and  the  pattern  will  then  draw  easily  out  of  the  mold. 
If  we  then  core  away  all  we  have  added  to  the  pattern,  as 
shewn  by  the  dotted  lines  in  Fig.  78,  the  casting  wUl 
retain  the  correct  shape  of  the  pattern.  To  effect  this  cor- 
ing away,  we  make  dry  sand  cores  of  the  shape  of  the 
core  prints,  O  0,  and  place  them  in  the  mold.  Ordinary 
dry  sand  cores  are  composed  of  a  mixture  of  sand  and 
flour  moistened  with  water,  and  they  are  molded  to  the 
requisite  shape  in  the  core  boxes  already  mentioned. 
They  are  then  baked,  becoming  sufficiently  strong  to  han- 
dle J  but  previous  to  the  baking  they  are  so  weak  that 
they  cannot  be  handled  without  being  in  some  way 
supported.   It  is,  therefore,  as  great  a  consideration  to  the 
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pattern  maker  how  the  core  is  to  be  taken  from  the  box  as 
it  is  how  a  pattern  shall  be  drawn  from  the  mold.  We 
may  divide  cores  molded  in  a  core  box  into  three  classes : 
First,  those  that  lie  as  they  are  made ;  second,  those  that 
require  turning  over ;  and  thu-d,  those  that  not  only  re- 
quire turning  over,  but  require  also  a  bed  of  sand  made 
for  them  to  lie  upon  during  the  process  of  baking.  Figs. 


72,  73,  and  74  are  examples  of  the  first,  m  which  the  cores 
are  represented  by  0.  The  core  boxes,  being  made  in 
halves  and  loose  at  two  of  the  opposite  corners,  can  be 
drawn  away  from  the  cores,  C,  leaving  them  standing, 
just  as  they  were  made,  on  an  iron  plate  ready  for  removal 
to  the  oven.  In  a  core  box  made  as  in  Fig.  74,  it  is  neces- 
sary to  bore  in  the  ends  a  couple  of  small  holes  for  the  in- 
sertion of  wires  to  effect  ventilation,   In  cases  where  sufia- 
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dent  draft  or  taper  can  be  allowed  on  the  core,  the 
core  ibox  need  not  be  made  in  halves,  but  may  be  made 
8oM^  as  shown  in  section  in  Fig.  75. 


While  it  is  the  aim  of  the  pattern  maker  to  form  his 
core  hoxes  to  work  in  the  simple  manner  illustrated  in  our 
examples,  there  are  very  large  classes  of  cores  with  which 
such  easy  methods  are  impracticable.  This,  for  instance, 
is  the  case  with  all  round  cores  that  are  of  such  length 
that  they  are  not  able  to  support  themselves  on  end,  and 
with  those  having  branches,  as  shown  in  Fig.  79,  which  re- 
presents a  core  for  a  straight  faucet.  If  it  were  attempted 
to  make  this  core  in  a  vertical  position,  its  overhanging 
branches  would  fall  away  immediately  after  separating  the 
two  halves  of  the  box ;  hence  it  is  made  horizontally,  and 
generally  in  separate  halves,  which,  after  being  baked,  are 
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pasted  together  and  again  dried,  thus  forming  the  foil 
round  core.  In  cases,  however,  where  great  numbers 
of  such  cores  are  required,  as  in  steam  fitters'  work,  they 
are  usually  hfted  from  the  box  whole ;  but  it  is  a  delicate 


operation,  involving  much  practice.  We  need  not,  how- 
ever, go  into  this,  the  subject  only  being  mentioned  to 
show  how  a  pattern  maker  decides  whether  he  shall  make 
a  full  core  box  or  only  half  a  one ;  for  if  the  halves  of  the 
core  are  to  be  made  separate,  and  one  part  is  exactly  similar 
to  the  other,  then  a  half  core  box  is  all  that  is  necessary. 
Suppose,  for  instance,  the  core  of  a  faucet,  shown  in  Fig. 
79,  to  be  alike  at  the  branches,  0  and  D  j  then,  it  being 
made  in  two  halves,  meeting  in  a  point  represented  by  the 
line  A  B,  the  core  box  may  be  made  to  mold  the  half, 
E ;  and  two  of  such  halves,  pasted  together  as  described, 
will  form  the  whole  core.  In  this  particular  example, 
however,  there  is  yet  another  way  of  making  the  core, 
providing  the  branches,  C  and  D,  are  parallel  iu  diameter, 
and  that  is,  to  punch  holes  in  the  main  part  of  the  core, 
through  holes  pro\'ided  in  the  core  box,  using  a  piece  of 
wood  for  the  purpose. 

Fig.  80  is  an  illustration  of  a  square  core  for  a  baluster ; 
its  four  sides  being  curved,  it  is  necessar^'^  to  make  it  in 
separate  halves,  dividing  it  diagonally  across  the  corners, 
as  denoted  by  the  hues  A  P. 
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We  have  now  to  give  an  example  of  the  third  class  of 
core,  which  will  not  stand  on  end  and  does  not  present  a 


flat  surface  on  any  of  its  four  sides,  neither  can  it  he  readily 
divided,  as  in  the  former  case.  Fig.  81  is  an  illustration 
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of  probably  the  simplest  kind  of  tliis  class,  which  will  re- 
quire a  core  box  that  must  part  in  all  directions  in  order 
to  enable  us  to  extract  the  core,  which  will  require,  in  addi- 
tion to  this,  what  is  called  a  turnover  box.   Fig.  82  is  an 


of  the  sides.  The  ends  of  the  box  are  recessed  to  receive 
the  sides,  but  all  is  removable.  In  using  this  box,  after 
ramming  up  the  top,  the  crossbars  are  removed,  and  in 
their  place  is  mounted  the  turnover  box,  shown  in  section 
in  Fig.  83,  at  A,  which  is  a  simple  square  frame,  made 
taper.  It  rests  on  the  outer  edge  of  the  core  box,  so  as  to 
give  a  bed  of  sand  somewhat  larger  than  the  core  itself. 
Small  blocks  nailed  to  the  under  side,  B  B,  keep  it  in  posi- 
tion. The  frame  is  then  carefully  filled  with  ordinary 
molding  sand,  so  as  not  to  disturb  the  projecting  parts  of 
the  core,  and  the  sand  on  the  outside  is  then  struck  off 
level.  An  iron  plate  is  then  placed  on  the  toi)  of  all,  and 
the  whole  is  turned  upside  down.  The  bottom  of  the  core 
box,  which  has  now  become  the  top,  is  first  removed,  and 
then  the  sides  and  ends.  Thus  the  turnover  box  affords  a 
bedding  of  sand,  on  which  the  core  may  rest  without  suf- 
fering injurj^  from  its  own  weight. 


end  sectional  view  of  this 
core  box,  having  four  joint- 
ed sides  and  a  bottom,  with 
holes  cut  in  them  where  the 
projections  are  to  be  formed 


on  the  core.  The  top,  in 
this  case,  is  simply  two  bars 
that  cross  the  box  where  the 
projections  occur ;  and  holes 
are  cut  in  these  bars  to  form 
the  projections.  The  box  is 
retained  together  and  kept 
in  position  by  the  taper 
pegs,  shown  at  the  junction 
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It  would  be  a  costly  matter  to  make  core  boxes  for  long 
cylindrical  cores,  such  as  are  used  for  pipe  and  similar  cast- 
ings ;  bence,  for  sucb  purposes,  a  core  is  made  as  sbowu  in 
Fig.  84,  in  which  0  represents  a  core  for  a  pipe,  having  a 


socket  at  one  end.  It  is  prepared  as  follows :  Upon  the 
two  tressels,  A  A,  is  mounted  the  long  tube,  D  D,  which  is 
perforated  throughout  its  entire  length  with  numerous 
small  holes,  and  which  is  provided  at  one  end  with  a  crank 
handle,  by  means  of  which  it  may  be  revolved  as  it  rests  in 
the  two  rude  V  bearings,  provided  in  the  top  of  the  tres- 
sels, as  shown.  Upon  this  tube  a  layer  of  rudely  twisted 
straw  rope,  sufiBcient  to  make  its  diameter  assume,  from 
end  to  end,  nearly  the  required  diameter  of  the  core,  is 
coiled.  Outside  the  straw  rope  tbere  is  then  applied  a 
coating  composed  of  a  mixture  of  loam  and  other  material 
sufiQcient  to  increase  the  diameter  from  end  to  end,  some- 
what above  finished  size.  To  round  up  the  core  even,  and 
make  it  of  the  necessary  size,  the  core  or  loam  board,  B  B, 
is  employed.  It  is  simply  a  board  ranging  in  thickness 
4.** 
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from  seven  eighths  inch  upwards,  according  to  its  length. 
One  of  the  edges  is  cut  to  the  conformation  of  the  required 
core ;  and  all  but  about  three  sixteenths  of  an  inch  of  the 
thickness  of  this  edge  is  beveled  off  at  an  angle  of  about 
30°.  This  board  is  laid  upon  the  tressels  with  the  beveled 
edge  uppermost,  and  is  held  in  position  by  weights  placed 
upon  it  over  the  tressels.  The  core  is  then  revolved  by  the 


handle  in  the  direction  of  the  arrow,  as  shown  in  Fig.  85, 
in  which  A  represents  the  tube,  B  the  straw  rope,  O  the 
loam  coating,  and  D  the  board.  It  follows  that,  as  the 
loam  is  added,  the  board  will  level  it  off,  leaving  the  sur- 
face round  and  true,  and  to  whatever  shape  the  edge  of  the 
board  may  be  made.  It  is  customary  to  mix  with  the 
coating  of  loam,  horse  dung,  or  a  substitute  therefor,  the 
object  of  which  is  as  follows :  It  will  be  readily  perceived 
that  it  is  a  difficult  matter  in  a  long  casting  to  give  vent 
to  and  permit  the  escape  of  the  air  and  the  gases  formed 
in  the  mold  by  the  molten  metal ;  but  by  mixing  in  with 
the  loam  a  combustible  material,  the  latter  becomes  con- 
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sumed  during  the  baking  of  tlie  core,  leaving  tlie  latter 
porous,  so  that  the  air  and  gases  can  pass  from  the  mold 
through  the  loam  coating  and  thence  through  the  straw 
rope,  and  find  exit  through  the  hollow  tube  upon  which 
the  latter  is  wound. 


CHAPTER  y. 


EXAMPLES  OF  SIMPLE  LATHE  WORK. 

We  may  now  commence  a  series  of  examples,  accompa- 
nying each  example  with  the  explanations  and  considera- 
tions necessary  to,  and  governing  the  method  of,  the 
construction  chosen.   Fig.  86  represents  a  drawing  of  a 
gland  for  which  a  pattern 
IS  required.  Now  this  is  a 
very  simple  pattern,  and 
yet  there  are  at  least  six 
different  methods  of  mak- 
ing it,  any  of  which  may 
be  followed,  as  will  ap- 
pear more  clearly  to  the 
reader  by  his  glancing 
over  Figs.  87,  89,  90,  92, 
93,  and  94.    The  first 
question  is  how  to  deter- 
mine  which   method  is 
the  most  suitable.  Let  us 
suppose  the  pattern  mak- 
er to  be  uninformed  of 
the  purpose  the  casting  is 
to  serve,  or  how  it  is  to 
be  treated:  in  such  a  case 
he  is  guided  partly  by  his 
knowledge  of  the  use  of 
such  patterns,  and  a  consideration  of  being  on  the  safe 
side.   The  form  shown  in  Fig.  87  would  suggest  itself  as 
bemg  a  very  ready  method  of  making  the  pattern;  by 
cormg  out  the  hole  it  can  be  made  paraUel,  which  the 
drawmg  seems  to  reqmre.    The  advantage  of  leaving  the 
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-  hole  parallel  is  that  less  metal  wiU  require  to  be  left  for 
boring,  in  case  it  should  be  necessary;  because,  if  the  hole 
is  made  taper,  the  largest  end  of  the  bore  will  reqmre  to 
have  the  proper  amount  of  allowance  to  leave  metal  suf- 
ficient to  allow  the  hole  to  be  bored  out  true,  and  the 
smaUer  end  would,  therefore,  have  more  than  the  neces- 
sary amount :  while  just  the  least  taper  given  to  the  ex- 
terior  would  enable  the  JH^Iq^'^^ 
molder  to  withdraw  the  J' 
pattern  fi:om  the  mold. 
Made  in  this  way,  it 
would    be    molded  as 
shown  in  Fig.  88,  with 
the  flange  uppermost,  be- 
cause almost  the  whole 
of  the  pattern  would  be 
imbedded  in  the  lower 
part  of  the  flask,  the  top 
core  print  being  all  that 
would  be  contained  in  the 
cope ;  and  even  this  many  be  omitted  if  the  hole  requires 
to  be  bored,  since  the  lower  core  print  will  hold  the  core 
sufficiently  secure  in  small  work,  unless  the  core  is  requir- 
ed to  be  very  true.   The  parting  of  the  mold  (at  C  D,  in 
Fig.  88)  being  level  with  the  top  face  of  the  flange,  much 
taper  should  be  given  to  the  top  print  (as  shown  in  Fig. 
87),  so  that  the  cope  may  be  lifted  oft'  easily.   Were  this 
however  the  only  reason,  we  might  make  the  top  print 
like  the  bottom  one,  providing  we  left  it  on  loose,  or  made 
it  part  from  the  pattern  and  adjust  to  its  place  on  the 
pattern  by  a  taper  pin;  but  another  advantage  is  gained 
by  well  tapering  the  top  print,  in  that  it  necessitates  the 
tapering  of  the  core  print  at  that  end;  so  that,  when 
the  two  parts  of  the  mold  are  being  put  together — that  is 
to  say,  when  the  cope  is  being  put  m  place  —  if  the  core  has 
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not  been  placed  quite  upright,  its  tapered  end  may  still 
arrive  and  adjust  itself  in  the  conical  impression,  and  thus 
correct  any  slight  error  of  position  of  the  core.  The  size 
of  the  core  print  should  be,  at  the  part  next  the  pattern, 


the  size  of  the  core  required ;  for  if  the  extremities  are 
made  of  the  size  of  the  core,  and  the  taper  or  draft  is  in 
excess,  there  will  be  left  a  useless  space  around  the  core 
print,  as  shown  in  A  B  in  Fig.  88,  into  which  space  the 
metal  will  flow,  producing  on  the  casting  around  the  hole 
and  projecting  from  the  end  face  a  useless  web,  which  is 
called  a  fin,  which  will  of  course  require  to  be  dressed  off 
the  casting. 

We  will  now  suppose  that  our  piece,  when  cast,  is  to  be 
turned  under  the  flange  and  along  the  outside  of  the  hub 
or  body,  and  that  the  hole  also  is  to  be  bored.  In  this 
case  the  pattern  made  as  above  would  still  be  good,  but 
could  be  much  more  easily  made  and  molded  if  it  has  to 

leave  its  own  core — its  shape  being  as  shown  in  Fig.  89  

because  the  trouble  of  making  a  core  is  obviated,  and  the 
core  is  sure  to  be  in  the  center  of  the  casting,  which  it  seldom 
is  when  a  cor e  i  s  used.  We  must,  however,  allow  more  taper 
or  draft  to  a  hole  in  a  pattern  than  is  necessary  on  the 
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outside ;  about  one  sixteentli  inch  on  the  diameter  for 
every  inch  of  hight  on  work  of  moderate  size  is  sufiflcient. 
The  allowance  for  boring  should  be  one  sixteenth  inch  at 
the  large  end  of  the  hole, 
providing  the  diameter 
of  the  hole  is  not  more 
than  five  or  six  inches, 
slightly  exceeding  this 
amount  as  the  diameter 
increases ;  whereas,  if 
the  pattern  had  been 
made  with  core  prints, 
an  allowance  of  one  eighth  inch  for  small,  and  three  six- 
teenths inch  for  larger  work  would  be  required.  These 
are  the  advantages  due  to  making  the  pattern  leave  its 
own  core.  We  have  still  to  bear  in  mind,  however,  that, 
if  the  casting  require  a  parallel  hole,  a  core  must  be 
used;  and  furthermore,  if  the  hole  is  a  long  one,  we 
have  the  following  considerations:  The  separate  dry 
sand  core  is  stronger,  and  therefore  better  adapted  to 
cases  where  the  leugth  of  the  hole  greatly  exceeds  the 
diameter.  Then  again,  if  the  hole  require  to  be  bored 
parallel,  it  can  be  more  readily  done  if  the  hole  is  cast 
parallel,  because  there  will  be  less  metal  to  cut  out. 
The  casting  also  will  be  lighter,  entailing  less  cost,  pro- 
viding it  has  to  be  paid  for  by  the  pound,  as  is  usually 
the  case.  The  molder  is  given  more  work  by  making 
the  core;  but  the  saving  in  metal  and  in  turning  more 
than  compensates  for  this,  provided  the  length  of  the  hole 
is  greater  than  the  diameter  of  the  bore. 

Let  it  now  be  required  that  the  casting  is  to  be  finished 
all  over,  such  as  for  a  gland  for  a  piston  rod.  It  would  in 
that  case  be  preferred  that,  if  the  casting  should  contain 
any  blow  or  air  holes,  they  should  not  be  on  the  outside 
face  of  the  flange;  and  this  will  necessitate  that  the 
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piece  be  molded  tlie  reverse  way  to  that  shown  in  Fig.  88— 
that  is  to  say,  it  must  be  molded  as  shown  in  Fig-.  90 — 
with  the  flange  downwards;  for  it  may  be  here  noted 
that  the  soundest  part  of  a  casting  is  always  that  at 
the  bottom  of  the  mold;  and  furthermore^  the  metal  there 


is  more  dense,  heavier,  and  stronger  than  it  is  at  the  top, 
for  the  reason  that  the  air  or  gas,  which  does  not  escape 
from  the  mold,  leaves  holes  in  the  top  of  the  casting,  or  as 
near  to  the  top  as  it  can  —  by  reason  of  the  shape 
of  the  casting — rise.  The  bottom  metal  also  has  the 
weight  of  the  metal  above  it,  compressing  it,  and  mak- 
ing an  appreciable  difierence  in  its  density.  It  must 
therefore  be  remembered,  that  faces  requiring  to  be 
particularly  sound,  should  be  cast  downwards  —  or  at  least 
as  near  the  bottom  of  the  mold  as  they  conveniently  can. 
Following  this  principle,  our  gland  will  require  to  be  mold- 
ed as  shown  in  Fig.  1)1,  P  P  representing  the  line  of  the 
parting  of  the  mold ;  so  that,  when  the  cope  is  lifted  off, 
the  loose  hub.  A,  will  rise  with  it,  leaving  the  flange  imbed- 
ded in  the  lower  half  of  the  mold.   It  is  evident  that  in 
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this  case  the  pattern  must  be  made  as  shown  in  Fig  90, 
the  body  and  core  prints  being  in  one  piece  and  the  flange 
in  another,  fitting  to  an  easy  fit  on  to  a  parallel  part  on 
one  end,  and  adjoining  the  core  print,  as  shown  at  A. 


For  glands  of  moderate  size,  this  method  is  usually  adopt- 
ed, and  it  answers  very  well  for  short  pieces ;  but  in  cases 
where  the  length  of  the  body  approaches  say  three  dia- 


meters, the  horizontal  position  is  the  best,  and  th'e  pat- 
tern should  be  made  as  shown  in  Figs.  92,  93,  or  94.  Even 
in  short  pieces,  when  the  internal  diameter  approaches 
that  of  the  external,  this  plan  is  the  best,  because  it  is  dif- 
ficult for  the  molder  to  tell  when  his  core  is  accurately  set 
in  position.  ^ 
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For  a  pattern  to  be  molded  liorizontally,  Fig.  93  sliows 
the  best  style  in  which  it  can  be  made.   Its  diameters  are 


turned  parallel  j  the  required  draft  is  given  by  making  the 
rim  of  the  flange  a  little  thinner  than  at  the  hub,  and  by 
making  the  end  faces  cf  the  hub  and  the  core  prints 
slightly  rounding.  If  the  hub  is  very  small — as,  say,  a 
lialf  inch  or  less,  and  the  flange  does  not  much  exceed  it — 


the  pattern  may  be  made  solid,  as  shown  in  Fig.  92  j  but 
if  the  hub  be  small  and  the  flange  large,  it  should  be  made 
as  shown  i:i  Fig.  94. 
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To  construct  the  pattern  slio-vm  in  Fig.  87  we  proceed 
as  follows :  From  a  piece  of  plank  we  saw  off  a  piece  of 
wood  a  little  larger  and  thicker  than  the  required  flange, 
measuring  with  a  contraction  rule  —  that  is  to  say,  a  rule 
specially  made  for  the  pattern  maker,  and  having  its 
measurements  larger  than  the  actual  standard  ones,  in  the 
proiJortion  of  one  eighth  inch  per  foot :  so  that  a  foot  on 
a  contraction  rule  is  12i  standard  inches,  and  an  inch  is 


IJg-  standard  inches. 


The  reason  for  this  is,  that  when 


the  metal  is  poured  into  the  mold  it  is  expanded  by  heat, 
and  as  it  cools  it  contracts;  and  a  casting  is  therefore, 
when  cold,  always  smaller  than  the  size  of  the  mold  in 
which  it  was  made.  Brass  castings  are  generally  said  to 
be  smaller  than  the  patterns,  in  the  proportion  of  one 
eighth  inch  per  foot,  and  cast  iron  castings  one  tenth  inch 
per  foot ;  and  so,  to  avoid  frequent  calculations  and  possible 
errors,  the  contraction  rule  has  the  necessary  allowance  in 
every  division  of  the  foot  and  of  the  inch.  It  is  not  how- 
ever to  be  supposed  that  the  possession  of  such  a  ride 
renders  it  possible  for  the  pattern  maker  to  discard  all 
further  considerations  upon  the  contraction  of  the  casting; 
because  there  are  others  continually  occurring.  Such, 
for  example,  is  the  fact 
that  the  contraction  will 


not  be  equal  all  over, 
but  wUl  be  the  greatest 
in  those  parts  where 
the  casting  contains 
the  greatest  body  of 
metal.  If  wo  are  requir- 
ed to  make  a  jiattern 
for  a  brass,  such  as 
shown  in  Fig.  9o,  its  bore  bemg  six  inches  in  diameter 
and  its  length  ten  inches,  we  shall  find  that  the  diameter  of 
the  castinsjr  will  bo  less  at  A  B  than  can  be  accounted  for 
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on  the  basis  of  a  contraction  of  one  eighth  inch  per 
foot ;  and  furthermore,  the  projection  in  the  middle  of  the 
brass,  which  is  sometimes  provided  instead  of  flanges  to 
j)revent  the  brass  from  moving  endwise  in  the  box,  will 
cause  the  sides  of  the  hexagon  to  cast  hollow  in  their 
lengths;  so  that  a  straight  edge,  placed  along  the  bevel 
from  0  to  D,  would  touch  the  brass  at  each  end,  and  not 
in  the  middle. 

In  the  smaller  sizes  of  patterns,  however,  such  as  those 
of  6  and  less  inches  in  diameter,  there  is  another  and 
a  more  important  matter  requiring  attention,  which  is, 
that  after  a  molder  has  imbedded  the  pattern  in  the  sand, 
and  has  rammed  the  sand  closely  around  it,  it  is  held 
firmly  by  the  sand  and  must  be  loosened  before  it  can  be 
extracted  from  the  mold.  To  loosen  it,  the  moldsr  drives 
into  the  exposed  surface  of  the  pattern  a  pointed  jiiece  of 
steel  wire,  which  he  then  strikes  on  all  sides,  causing  the 
pattern  to  compress  the  sand  away  from  the  sides  of  the 
pattern  in  all  directions;  and  as  a  result,  the  mold  is  larger 
than  the  pattern.  In  many  kinds  of  work,  this  fact  may 
be  and  is  disregarded ;  but  where  accuracy  is  concerned, 
it  is  of  great  importance,  especially  in  the  matter  of  our 
example  (brasses  for  journals),  for  they  can  be  chipped  and 
filed  to  fit  their  places  much  more  rapidly  than  they  can  be 
planed,  and  it  is  necessary  to  have  the  castings  as  nearly 
of  the  correct  conformation  as  possible.  In  cases  where  it 
is  necessary  to  have  the  castings  of  the  correct  size  with- 
out any  work  done  to  them,  the  shake  of  the  pattern  in  the 
sand  is  of  the  utmost  importance.  If  he  is  required  to  cast 
a  piece  of  iron  3  inches  long  and  1  inch  square,  sui)posing 
the  pattern  were  made  to  correct  measure  by  the  contrac- 
tion rule,  the  molder,  hy  rapping  the  pattern  (as  the  loos- 
ening it  in  the  mold  is  termed),  would,  by  increasing  the 
size  of  the  mold  above  that  of  the  pattern,  cause  the  cast- 
ing to  ba  larger  than  the  pattern;  that  is  to  say;  it  would 
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be  longer  and  broader,  and  therefore,  in  those  two  direc- 
tions, considerably  above  the  proper  size,  since  even  the 
pattern  was  too  large  to  the  amount  allowed  for  contraction. 
The  depth,  however,  would  be  of  correct  size,  because  the 
loosening  process,  or  rapping,  does  not  drive  the  pattern 
any  deeper  in  the  mold.  It  follows  that,  to  obtain  a  cast- 
ing of  as  nearly  the  correct  size  as  possible,  the  pattern 
must  be  made  less  in  width  and  in  length  than  the  proper 
size,  to  the  amount  of  the  rai)ping ;  and  to  insure  that  the 
molders  shall  always  put  the  pattern  in  the  sand  with  the 
same  side  uppermost,  the  word  "  top"  should  be  printed  on 
the  face  intended  to  lie  uppermost  in  the  mold.  The 
amount  to  be  allowed  for  the  rapping  depends  upon  the 
size  of  the  pattern,  and  somewhat  upon  the  molder,  since 
some  molders  rap  the  patterns  more  than  others :  hence, 
where  a  great  number  of  castings  of  accurate  size  are  re- 
quired, it  is  best  to  have  two  or  three  castings  made,  and 
alter  the  pattern  as  the  average  casting  indicates.  For 
castings  of  about  1  inch  in  size,  the  patterns  may  be  made 
^  inch  too  narrow  and  the  same  amount  too  short ;  but 
for  sizes  above  6  inches,  allowance  for  rapi)ing  may  be  dis- 
regarded. 

In  patterns  for  small  cast  gears,  the  rapping  is  of  the 
utmost  consequence.  Suppose,  for  instance,  we  have  G 
rollers  of  2  inches  diameter,  requiring  to  be  connected 
together  by  pinions,  and  to  have  contact  one  with  the  other 
all  along  the  rollers :  if  we  disregarded  the  allowance  for 
rapping,  the  pinions  will  be  too  thick,  and  we  shall  require 
to  tile  them  down,  entailing  a  great  deal  of  labor  and 
time,  besides  the  rapid  destruction  of  files. 

To  resume,  then :  having  sawn  out  our  piece  of  wood  for 
the  flange,  we  i)lane  up  one  side,  and  set  a  pair  of  com- 
passes to  the  radius  of  the  required  flange,  and  mark  a 
circle  upon  the  piece  of  wood,  and  then  saw  off  the  corners 
nearly  to  the  circle.    We  then  true  up  a  facing  chuck  in 


102 


PATTERN  MAICEE'S  ASSISTANT. 


the  latlie,  and  fix  the  flange  to  it  by  screws  passing 
through  the  chuck  from  the  back,  placing  them  far  enough 
from  the  center  to  avoid  their  coming  into  contact  with 
the  hole  which  we  shall  require  to  bore  in  the  flange.  We 
then  dress  oft'  the  face  of  the  flange  to  nearly  the  required 
thickness,  using  the  gouge  to  rough  it  out  with,  and  the 
scraping  chisel  to  finish.  It  is  not  necessary  to  finish  right 
down  to  the  center,  but  merely  down  to  a  diameter  some- 
what smaller  than  the  hole  in  the  flange  will  be.  Our  next 
procedure  is  to  mark  the  size  of  the  hole,  which  is  done  by 
setting  the  compasses  to  the  required  diameter,  and  then 
holding  them  with  one  leg  resting  upon  the  hand  rest;  and 
by  bringing  the  point  into  contact  with  the  face  of  the 
work,  we  may  describe  upon  the  latter  a  true  circle,  some- 
what smaller  in  diameter  than  that  required.  This  circle 
will  serve  as  a  guide  to  us  while  we  hold  both  compass 
points  against  the  work  to  describe  a  circle  of  the  correct 
diameter,  which  will  be  done  by  keeping  the  compass  points 
at  equal  distances,  one  on  each  side  of  the  circle  first  de- 
scribed. We  must,  in  the  last  operation,  hold  the  compass 
points  Hghtly  against  the  work  until  we  can  see  that  the  line 
described  by  one  point  falls  in  the  same  line  as  that  de- 
scribed by  the  other,  and  then  we  may  make  a  deep  mark. 
This  method  is  quite  as  easy  an  operation  as  setting  the 
compasses  to  the  radius  of  the  hole,  and,  imtting  one  leg 
in  the  center  of  the  work,  describing  a  circle  with  the 
other ;  and  this  process  is  also  more  exact  when  the  wood 
is  rough.  We  next  take  a  chisel  of  about  i  inch  wide, 
and  cut  out  the  hole  at  one  cut,  by  forcing  the  chisel  light- 
ly through  the  thickness  of  the  flange,  taking  care  to  cut 
tbe  hole  nearly  inch  too  small,  so  as  to  allow  finishing 
with  the  diamond  point  or  side  tool.  The  hole  being  fin- 
ished, we  may  turn  the  outside  diameter  of  the  flange  with 
a  very  sharp  gouge,  leaving  about  3^  inch  for  finishing, 
which  may  be  done  with  the  scrai)er.    When  the  scrapuig 
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chisel— as  indeecl  all  scraping  tools — is  in  proper  order,  a 
slight  burr  can  be  felt  on  the  top  face  of  the  tool,  which  is 
caused  by  oilstoning  the.  beveled  face  of  the  chisel  last. 

To  form  the  body  of  the  pattern,  we  take  a  piece  of  tim- 
ber of  sufficient  size  to  make  the  hub  and  core  prints  in 
one  piece,  and,  with  an  ax,  we  hack  oif  the  corners,  so  as 
to  save  lathe  work.  We  then  i)lace  it  in  the  lathe  between 
the  centers,  using  the  fork  shown  in  Fig.  48  as  the  run- 
ning center  and  to  drive  the  piece  of  wood,  and  screwing 
up  the  back  center  sufficiently  firm  to  hold  the  wood 
tightly.  The  large  diameter  is  turned  to  its  size  with  the 
gouge  and  scraper,  using  the  latter  to  finish  with,  and 
bearing  in  mind  that  the  wood  is  apt  to  become  loose  be- 
tween the  lathe 
centers,  by  reason 
of  the  latter  becom- 
ing imbedded  in  the 
wood ;  and  it  is  ne- 
cessary, therefore, 
during  the  earlier 
portion  of  the  turn- 
ing, to  try  the  back 
center  and  screw  it 
up  into  the  work,  if  necessary.  Then,  with  the  skew 
chisel,  we  cut  two  recesses,  as  shown  in  Fig.  96,  the  dis- 
tance from  A  to  B  being  the  length  of  the  body  or  hub  of 

the  pattern,  and  the  small 
diameter  of  the  recess  be- 
ing a  little  above  the  re- 
quired diameter  of  the  core 
prints.  We  next  turn  down 
the  core  prints  to  the  re- 
quired sizes,  and  turn  the 
part  shown  at  C,  in  Fig.  977 
to  fit  the  hole  tight  to  the  flange  j  and  it  will  be  perceived 
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that,  by  leaving  a  longer  end  outside  of  the  recess  or 
nick  at  one  end  than  at  the  other,  we  have  left  room  for 
the  flange,  and  so  kept  the  core  jjrints  of  equal  length 
at  each  end,  as  shown  in  Fig.  97. '  The  part  that  protrudes 
tlirough  the  flange  will  in  this  case  be  for  the  top  print, 
and  it  is  therefore  given  an  excess  of  taper,  for  reasons 
before  explained.  The  hub  or  body  of  the  i)attern  is  also 
made  taiier,  being  a  little  the  smallest  at  the  end  farthest 
from  the  flange  (A,  in  Figs.  87  and  9G),  because  this  hub, 
being  cast  endwise,  requires  draft  to  permit  it  to  be 
I'xtracted  easily  from  the  mold. 

Having  brought  our  pattern,  as  nearly  as  possible,  to 
the  requisite  size  and  form  with  the  cutting  tools,  it  is  ne- 
cessary to  consider  those  final  i)rocesses  which  so  much  add 
to  the  appearance  and  smoothness  of  i)attern  work.  The 
first  of  these  processes  is  terjned  sand-papering  or  glass- 
papering.  Sand-paper  is  a  sort  of  Will-o'-the-wisp  to  the 
beginner,  luring  him  on  to  scamp  his  work,  imder  the  im- 
pression that  sand-paper  will  hide  the  defects,  and  bring  it 
all  right,  while  the  fact  is  nearer  the  reverse ;  for,  let  a  i)at- 
tern  be  ever  so  truly  shaped  and  turned,  if  the  sand-pa- 
pering be  injudiciously  performed,  the  sharpness  of  its 
outline  will  be  destroyed,  and  very  likely  its  size  and 
shape  be  seriously  interfered  with.  It  is  true  that  it  is 
scarcely  possible  to  do  much  damage  to  large  surfaces ; 
but  that  is  merely  because  of  the  great  disproportion  that 
would  exist  between  an  error  engendered  by  sand-papering 
and  the  whole  size  of  the  pattern  itself.  If  we  have  an 
inch  cube  to  sand-paper,  and  should  take  inch  more 
off  one  side  than  off  another,  our  error  would  amount  to 
the  -Jj  of  the  length  of  the  pattern;  but  had  the  same 
thing  been  done  upon  a  12-inch  cube,  the  error  arising 
therefrom  would  only  amount  to  yi^-  of  the  length  of  the 
pattern.  Again,  to  remove  inch  from  one  side  of  each 
of  these  respective  cubes,  we  should  have  144  times  as 
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much  wood  to  abrade  away  in  the  one  case  as  in  the  other ; 
so  that  it  Avill  be  readily  perceived  that  the  difficulties  at- 
tending the  sand-papering  of  a  pattern,  so  as  to  preserve 
its  true  form  and  size,  increase  in  a  two-fokl  ratio  as  the 
size  of  pattern  diminishes,  until  at  last  it  becomes  imprac- 
ticable. Exactly  where  this  point  is  reached,  it  is  not  possi- 
ble to  state ;  it  will,  however,  vary  with  the  capabilities  of 
the  workman,  the  steadiness  of  his  eye  and  hand,  and  the 
nature  and  material  of  tbe  work.   It  must  have  happened 
to  many  that  they  have  made  patterns  so  small  that  tbey 
dared  not  attempt:  to  sand-paper  them,  and  that  tbey  have 
turned  intricate  details  upon  a  piece  of  work  which  could 
not  be  preserved  in  its  sharpness  under  the  abrasion  of 
sand-paper.    While,  therefore,  we  respect  sand-paper,  let 
us  respect  our  tools  more,  and  let  the  pattern  or  core  box, 
as  the  case  may  be,  be  brought  as  nearly  to  the  form  re- 
quired as  practicable  with  the  cutting  instrument,  and  then 
let  the  sand-paper  be  applied,  not  by  folding  it  together 
and  rubbing  it  upon  the  work,  but  by  considering  the 
shape  we  intend  to  finish,  and  preparing  a  piece  of  wood  to 
correspond  to  the  shape.    Such  a  piece  of  wood  is  called  a 
rubber.   A  flat  surface  requires  a  flat  rubber,  a  convex  sur- 
face a  concave  rubber,  and  vice  versa.    Eubbers  are  made 
of  a  size  suitable  to  hold  in  the  hand,  and  in  length  range 
up  to  12  inches.  Longer 
than  this  would  be  use- 
less for  one  sheet  of 
sand-pai)er,  and  that  is 
all  that  is  generally  used 
at  a  time.   Turned  cyl- 
inders make  good  rub- 
bers for  core  boxes  that  are  semicircular,  up  to  about  3 
inches  in  diameter ;  above  that  size,  the  turned  rubber  be- 
comes clumsy,  and  a  piece  flat  on  one  side  and  planed  to 
suit  the  curve  is  used.   Such  a  piece  is  shown  in  Fig.  98. 
5* 
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To  use  it,  place  one  fold  of  sand-paper  only  around  the 
rubber ;  and  applying  it  to  the  work,  move  it  over  the  sur- 
lace  of  the  work,  and  across  the  grain  of  the  timber,  if  it 
is  possible.  If  the  size  of  the  work  is  smaller  than  the 
rubber,  we  mast  take  short  strokes,  so  as  to  be  able 
to  move  the  latter  steadily,  and  not  round  off  the  work 
at  and  toward  the  edges.  A  very  good  plan,  where  extra 
care  is  required,  is  to  either  glue  the  sand-paper  to  the 
rubber,  or  else  fasten  it  with  a  few  tacks.  Sand-paper 
glued  to  a  flat  board  is  very  useful  for  small  surfaces  j  but 
in  this  case,  we  rub  the  work  uj)on  the  paper,  and  not  the 
paper  upon  the  work.  The  grades  of  sand-paper  used 
upon  pattern  work  range  from  No.  a  up  to  No.  2,  Nos.  1 
and      being  most  commonly  employed. 

The  surfaces  of  the  hub  or  body  of  our  gland  pattern 
being  straight  in  their  outlines,  we  saud-i)aper  them  in  the 
lathe,  with  the  ])aper  wrapped  once  around  a  flat  rubber, 
applying  the  paper  lightly  to  tlie  work,  and  moving  it  very 
slowly  over  the  work,  in  the  manner  in  which  a  hie  is  used. 
We  next  fasten  the  flange  to  the  body  by  gluing  it,  by 
using  finishing  nails,  or  by  both.  If  flnishing  nails  are 
used,  care  must  be  taken  to  use  a  bradawl  before  insert- 
ing the  nails,  for  fear  of  splithig  the  wood. 

To  make  the  pattern  in  the  manner  shown  in  Fig.  90, 
the  method  of  procedure  is  the  same  as  the  above,  with 
the  exception  that  the  tai)eriug  of  the  core  prints  must  be 
vice  versa,  as  in  this  case  the  core  print  the  farthest  from  the 
flange  will  be  the  top  one  in  the  mold,  and  must  therefore 
be  given  the  most  taper.  And  since  the  body  of  the  pat- 
tern will  lift  with  the  cope,  while  the  flange  will  remain  in 
the  nowel  of  the  flask  wlien  the  mold  is  taken  apart  (as 
shown  in  Fig.  91),  tlie  flange  of  the  pattern  must  be  made 
an  easy  tit  to  its  place  on  the  body  or  hub,  and  must  not  be 
left  of  a  tight  tit,  as  in  the  former  case.  A  pattern  of  the 
form  shown  in  Fig.  92  may  be  turned,  flange  and  all,  out 
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of  a  solid  piece  of  wood  j  or,  if  too  large  for  this,  we  may 
l^laiie  up  a  piece  for  the  flange,  and  glue  a  hub  to  it ;  and 
when  the  glue  is  dry,  turn  up  the  whole  pattern  at  one 
chucking  in  the  lathe. 

The  construction  shown  in  Figs.  92,  93,  and  94  is  so 
nearly  the  same,  and  the  slight  difference  is  so  ob^'ious, 
that  an  explanation  of  Fig.  94  will  cover  the  ground.  For 
Fig.  94  we  plane  up  a  piece  over  twice  as  long  and  more 
than  half  the  size  of  the  required  flange,  and  out  of  this 
l)iece  cut  the  two  half  flanges.  If,  however,  the  flange  is 
of  sufBcient  size  to  make  it  necessary  to  study  economy, 
the  two  half  flanges  may  be  set  out  on  the  plank,  lapping 
each  other,  as  shown  in  Fig.  99.  We  nest,  with  a  flat 
scriber,  draw  a  hue  on  the  chuck  exactly  through  its  cen- 


ter, and  set  the  half  flanges  to  this  hue,  and  then  screw 
them  to  the  chuck,  and  turn  them  as  if  they  were  solid.  By 
setting  the  halves  exactly  true  to  the  line,  it  is  insured  that 
the  flange  shall  part  exactly  at  the  center. 

To  make  the  pattern  shown  in  Fig.  93,  we  take  two 
pieces  of  wood  long  enough  to  make  the  two  halves,  and 
aUow  about  half  an  inch  or  an  inch  to  turn  off  each  end,  so 
that  the  impressions  of  the  fork  and  center  may  not  appear 
on  and  disfigure  the  finished  work,  and  for  other  reasons 
hereafter  to  be  mentioned.  We  plane  these  pieces  on  one 
edge  and  on  one  face,  making  them  of  equal  thickness. 
We  make  the  flat  surfaces  which  come  together,  true, 
trying  them  with  the  winding  strips  shown  in  Fig.  37,  to 
detect  any  twist-   Our  next  ox)6ration  is  to  insert  the  pegs, 
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and  we  may,  for  tliis  purpose,  adopt  eitlier  of  the  two  fol- 
lowing methods,  the  more  ready  of  which  we  will  take  first : 
Clamping  the  two  jointed  faces  together,  as  shown  in  Fig. 
100,  we  bore  two  holes  right  through  the  top  piece  and  into 


1 

1    ^  ' 

the  bottom,  one  to  a  little  greater  depth  than  the  hight  to 
which  the  pin  is  intended  to  project,  as  shown  by  the  dot- 
ted lines.  We  then  plane  up  a  piece  of  hard  wood,  about 
two  and  a  half  feet  long,  to  fit  the  holes  tightly.  It  is  just 
as  easy  to  plane  a  long  piece  as  a  short  one,  and  what  is 


left  over  will  serve  for  a  future  occasion.  A  useful  tool  for 
preparing  pin  stuff  is  illustrated  in- Fig.  101,  which  repre- 
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sents  a  hardened  j)late  of  steel,  pierced  with  holes  of  the 
sizes  of  the  pins  usually  requhed.  The  wood  for  the  plus 
having  been  planed  up  to  the  required  size,  is  driven  with 
a  mallet  through  the  plate,  saving  a  great  deal  of  time,  and 
making  the  pins  more  nearly  round  than  .is  possible  by 
hand  work.  In  some  of  these  plates  the  boles  are  made 
taper,  as  shown  at  A,  in  Fig.  101  j  this,  however,  is 
detrimental,  and  the  parallel  hole  is  the  best,  because  it 
guides  and  supports  the  stick,  while  it  does  not  impede  the 
cutting  action  of  the  tool.  A  hollow  formed  around  the 
edge  of  the  hole,  as  shown  in  the  sectional  view,  at  B  B, 
would  improve  that  action;  or  it  might  be  still  further 
improved  by  inserting  bushes  in  the  plate,  with  a  portion 
left  projecting  above  the  plate  and  beveled  ofi"  to  resemble 
a  chisel,  as  shown  at  C. 

The  pin  stuff  beiag  prepared  and  inserted  into  one  half 
of  the  pattern,  the  projectuig  end  is  then  taijered  off,  as 
shown  in  Fig.  102.  The  formation  of  this  projecting  pin 
may  seem  a  very 
simple  matter ;  but 
if  sufficient  consid- 
eration is  not  given 
to  it,  a  great  deal  of 
annoyance  is  caused 
to  the  molder,  and 
the  castings  will 
be  imperfect.  If  we  reflect  for  what  purpose  these  pins 
are  inserted,  we  shall  find  the  proper  shape.  First, 
with  regard  to  the  projecting  length,  some  workmen 
seem  to  be  guided  by  the  diameter  of  the  pin,  making  it 
project  to  a  distance  equal  to  its  diameter ;  but  it  is  obvious 
that  a  short  peg  or  pin  will  govern  the  position  as  well  as 
a  long  one,  and  will  be  less  Uable  to  stick  in  the  loose  half 
of  the  pattern  :  hence  it  is  better  to  let  the  protruding  end 
stand  out  from  three  sixteenths  to  one  hah'  inch,  and  let 
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from  one  sixteenth  to  one  cightL.  inch  of  the  large  part 
lit  the  hole,  the  nut  being  tapered  off  so  as  to  be  sure  that 
the  pin  can  be  released  easily.  These  conditions  inevita- 
bly bring  us  to  the  parabolic  form  shown  in  Mg.  102.  An- 
other point  to  be  observed  is  to  make  the  pin  of  as  large  a 
diameter  as  is  consistent  with  the  work ;  for  the  larger  the 
pin,  the  longer  it  will  remain  free  from  shake.  Above  aU, 
it  is  essential  that  the  pin  be  perfectly  lound  at  the  part 
that  fits  the  hole ;  and  if  these  elements  are  neglected, 
castings  will  be  produced  of  which  the  halves  will  not 
match,  which  is  always  very  unsightly.  Nothing  is  gained 
by  making  the  pins  to  a  tight  fit  in  the  loose  half  of  the 
I)attern,  as  they  will  not  work  that  way ;  and  the  molder 
will  enlarge  the  holes  with  a  red  hot  rod,  and  then,  after  a 
little  while,  the  charred  part  around  the  hole  falls  out,  and 
the  pin  becomes  too  slaciv. 

After  inserting  our  pins,  the  two  halves  of  our  patterns 
are  to  be  fastened  firmly  together ;  and  this  may  be  readi- 
ly done  by  brushing  the  end  faces  with  hot  glue  for  a 
breadth  of  one  half  or  one  inch,  according  to  the  amount 
we  have  allowed  our  pieces  to  be  larger  than  the  finished 
work.  Then  we  hold  them  firmly  together  Avitli  a  screw 
clamp,  leaving  them  until  they  are  perfectly  dry.  If  there 
is  not  time  for  the  gluing,  the  two  halves  may  be  screwed 


/  I    pattern  will  hold  its  loose  halves 

'—  1  very  firmly  together.  While 

very  handy,  however,  cu  large  or  small  work,  they  are 
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together ;  and  indeed,  if  the  job 
be  a  heavy  one,  it  will  not  be 
safe  to  trust  entirely  to  glue, 
but  to  use  screws  or  dogs.  Dogs 
are  a  kind  of  square  staple, 
made  of  steel,  and  of  the  lorm 
shown  in  Fig.  103  j  and  two  of 
them  driven  in  each  end  of  a 
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cumbrous ;  and  the  gluing  or  screwing  is  preferable.  The 
work  can  no\v  be  mounted  in  the  lathe,  and  turned  as 
though  it  were  solid.  Care  must  be  taken  that  the  center 
points  are  exactly  in  the  joint,  and  it  was  to  ascertain  if 
this  was  the  case  that  our  two  halves  were  planed  of  equal 
thickness ;  for  if,  in  the  process  of  turning,  one  flat  is  seen 
to  be  narrower  than  the  other,  as  shown  in  Fig.  104,  at  A  B, 
it  is  proof  that  the 
centers  are  not  in 
the  joint ;  and 
unless  the  error 
is  corrected,  one 
half  of  the  finish- 
ed pattern  would 
be  thicker  than 
the  other.  To 
remedy  this  error, 
we  tap  at  the  pattern  lightly  "with  a  hammer  in  the  requir- 
ed direction,  and  then  screw  up  the  lathe  centers  a  little 
more,  continuing  the  process  until  the  flat  sides  upon  the 
pattern,  when  very  nearly  trued  up — as  shown  in  P'ig.  104, 
at  C  C  — are  equal,  and  finally  disappear  simultaneously. 

Our  pattern  being  then  turned  and  sand-papered,  as 
already  directed,  the  next  proceeding  is  to  stop  up  all  holes 
or  cracks  that  are  not  desired  to  appear,  witJi  either  bees- 
wax or  putty.  This  is  a  simple  process,  but  it  may  have 
been  noticed  that  some  workmen  take  a  much  longer  time 
over  it  than  others,  at  least  when  beeswax  is  the  stopping 
material.  One  who  is  expert  at  this  work  guesses  just  the 
proper  amount  necessary  for  each  hole  or  crack ;  then  he 
forms  the  wax  into  a  worm-like  shape,  and  witli  a  warm 
chisel  (that  is  not  hot  enough  to  make  the  wax  run  but 
only  to  cut  it  easily)  he  presses  the  wax  into  the  hole,  and 
seldom  leaves  any  surplus  to  remove.  The  same  knack  is 
necessary  in  fillcthig,  that  is,  in  filling  in  an  internal  square 
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sliarp  corner,  wbeu  it  is  thought  too  small  to  be  fllled  in 
with  wood  ;  for  if  the  worm  or  string  of  wax  of  the  right 
size  be  laid  along  the  corner,  the  pressure  of  a  warmed 
gouge  will  cause  it  to  expand  to  the  required  fiUet  5  while 
if  too  much  wax  is  inserted,  much  time  will  be  occupied  in 
trimming  off  the  surplus. 

The  third  and  last  of  the  finishing  processes  is  the  appli- 
cation of  two  or  more  coats  of  spirit  varnish,  which  adds 
to  the  appearance  of  the  pattern,  and  increases  its  durabil- 
ity by  giving  it  a  surface  impervious  to  water,  and  by  pro- 
ducing that  smoothness  so  necessary  for  its  easy  extraction 
from  the  sand.  A  varnished  pattern  escapes  much  of  the 
rough  usage  commonly  bestowed  upon  patterns,  because 
the  molder  does  not  rap  it  so  much  as  he  otherwise  would 
do.  Several  thin  coats  of  varnish  give  a  much  finer  ap- 
pearance than  fewer  and  thicker  ones.  The  first  coat  fills 
up  the  pores  of  the  wood  and  fixes  the  fibrous  projections 
left  by  the  sand-paper ;  and  after  the  first  coat  is  dry,  fine 
sand-paper  is  again  applied  to  remove  the  fibers  so  fixed. 
The  second  and  succeeding  coats  give  the  gloss. 

The  pattern  maker  invariably  mixes  his  own  varnish, 
which  he  does  in  the  following  manner :  The  varnish  pot 
should  be  of  stone,  and  not  of  iron,  which  would  discolor 
the  varnish.  The  cover  should  be  of  thick  leather,  having 
through  the  middle  a  hole  of  such  size  that  the  brush  han- 
dle, forced  through  it,  will  be  suspended,  and  will  not  pass 
through  to  the  bottom  of  the  pot.  The  object  of  making 
the  cover  of  leather  is  that  the  varnish  collects  around  the 
lid  and  sticks  the  cover  down,  requiring  sometimes  so  much 
force  to  remove  it  that  wood  would  be  liable  to  split.  In 
the  pot  IS  placed  so  much  shellac,  and  there  is  added  just 
sufiicient  alcohol  to  cover  the  shellac,  the  whole  being 
occasionally  stirred  witli  a  piece  of  stick,  and  not  with  the 
brush.  The  consistence  should  be  that  of  raw  linseed  oil  j 
and  to  hasten  the  mixuig,  a  little  warmth  may  be  applied. 
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The  color  of  the  varnish  used  is,  strictly  speaking,  optional. 
The  usual  plan,  however,  is  to  use  clear  varnish  for  the  ^ 
pattern,  and  black  for  core  prints  and  the  insides  of  core  ^ 
boxes,  which  thus  distinguishes  them.  The  black  is  made  "  xiO, 
by  adding  the  best  dry  ivory  black  to  the  clear  varnish.  A  -  "7 
very  durable  varnish  may  be  made  by  adding  powdered 
oxide  of  iron  to  the  clear  varnish,  which  gives  a  hard  var- 
nish with  a  reddish  brown  color.  In  mixing  colored  var- 
nishes, however,  we  must  remember,  that  the  lighter  the 
pigment,  the  easier  they  work.  Ivory  black  is  the  lightest 
pigment,  and  so  always  pervades  the  varnish,  and  does 
not  readily  settle  to  the  bottom ;  hence  it  does  not  often  re- 
quire stirring.  Oxide  of  iron  requires  frequent  stirring, 
even  in  the  course  of  varnishing  one  pattern,  if  it  be  a 
large  one ;  because  it  settles  so  rapidly  that  a  i^erceptible 
difference  in  the  coat  is  apparent,  unless  the  varnish  is 
stuTcd  previously  to  each  insertion  of  the  brush.  The 
brush  should  never  go  to  the  bottom  of  the  pot,  and  the 
I)ot  should  always  be  kept  covered  when  not  in  actual  use. 
Varnishing  lathe  work  cannot  be  done  while  running  the 
lathe ;  but  after  the  work  is  varnished,  running  the  lathe 
hastens  the  drying.  AYork  should  always,  if  possible,  be 
varnished  on  a  dry  day ;  for  if  the  air  is  damp,  the  varnish 
becomes  what  is  technically  termed  chilled  —  that  is,  it  as- 
sumes a  soapy  or  milky  appearance,  as  though  it  had  ab- 
sorbed water — and  hence  is  spotty  when  dry. 

Having  thus  finished  our  example,  we  may  now  explain 
the  process  of  putting  pms  in  patterns,  which  we  omitted 
to  do  when  speaking  upon  that  subject,  to  avoid  digression. 
There  are  many  cases  in  which  it  is  not  suitable  for  the 
pin  hole  to  show  on  the  outside  of  the  pattern;  and  again, 
in  large  work,  the  holes  would  require  to  be  bored  so  deep, 
and  the  pins  made  so  long,  that  it  would  be  too  elaborate 
an  affair  altogether.  In  such  circumstances,  lines  are  re- 
sorted to,  bemg  drawn  in  the  following  manner:  Place  the 
5** 
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pieces  side  by  side,  with  the  planed  edges  touching  and 
the  ends  fair,  as  shown  in  Fig.  105,  the  line,  G,  representing 
the  edges  J  and  make  two  fine  notches  at  A  B.  Then  sepa- 
rate the  pieces,  and  square  the  very  fine  lines,  C  C,  D  D, 


across  with  a  knife.   Then  set  a  gage  to  half  the  width  of 

the  pieces,  and  mark  the  intersecting  lines,  E  F ;  and  the 
centers  for  the  respective  pin  holes  will  be  the  intersection 
of  the  lines,  0  E  and  D  F.  If,  however,  we  have  no  planed 
edge  to  work  from,  and  the  job  is  of  such  size  as  to  in- 
volve so  much  labor  as  not  to  admit  of  planing,  we  may  take 
two  small  brads  or  finishing  nails  (or  as  many  as  we  desire 
to  have  pins),  and  drive  them  almost  entirely  into  one  piece 
of  the  wood,  in  the  spots  where  the  pins  are  ultimately  to 
be,  and  then  file  the  projecting  part  of  each  to  a  point.  By 
then  resting  the  other  half  in  its  proper  relative  position 
upon  the  filed  points,  and,  when  adjusted,  applying  a  little 
pressure  to  it,  the  nail  points  will  enter  the  top  piece  and 
mark  the  corresponding  centers  for  the  holes  to  receive  the 
pins.  We  may  then  extract  the  brads  or  nails,  and  pro- 
ceed to  bore  the  holes  and  insert  the  pins. 

Another  method  of  marking  the  pin  holes,  is  to  provide 
some  ordinary  lead  shot,  and  make  shallow  holes  with  a 
brad-awl,  shghtly  less  in  diameter  than  the  shot.  Where 
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pins  are  to  be  inserted,  place  the  shot  in  the  hole,  so  that 
they  project  beyond  the  surface,  and  then  proceed  as  de- 
scribed lor  the  brad  points— the  latter  being  the  more  expe- 
ditious method  of  the  two. 

Our  second  example,  Fig.  106,  is  a  design  for  another 
'  kind  of  gland,  such  as  is  often  fitted  to  glands  for  pump 
rods  and  spindles.   For  the  small  sizes,  the  glands  are 
usually  cast  solid,  and  the  hole  is  drilled  out  in  the  lathe  j 


in  which  case,  providing  the  gland  is  not  very  deep,  it 
would  be  molded  vertically,  with  the  head  in  the  nowel, 
and  would  be  turned  out  of  the  solid  piece  of  wood  in  the 
style  of  our  previous  example,  treating  for  the  moment 
the  hexagonal  part  as  a  flange,  whose  diameter  must  be 
turned  to  the  size  of  the  hexagon  across  the  corners.  After 
the  turning  is  done,  we  mark  the  hexagon  as  follows.  We 
set  a  pair  of  compasses  as  nearly  as  possible  to  the  radius 
of  the  turned  piece  that  is  to  form  the  hexagon,  and  divide 
that  piece  off  into  six  divisions,  in  the  manner  shown  in 
Fig.  107— for  the  radius  of  a  circle  will  divide  its  circum- 
i'evmce  into  six  equal  parts— so  that,  if  the  compasses  are 
correctly  set,  one  trial  will  be  sufficient ;  but  if  not,  we  must 
readjust  the  compasses,  and  go  around  again.  Then,  from 
these  points,  we  square  lines,  as  shown  in  Fig.  107,  at  1,  2, 
3,  4,  5,  C  5  and  then,  with  the  paring  chisel,  we  pare  off  the 
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sides  to  the  lines.  It  is  not  necessary  to  actually  draw  the 
hexagon  on  the  circumference,  by  joining  the  lines  of 
division  on  the  top 
of  the  flange  j  for  a 
straight  edge  being 
applied  as  the  par- 
ing proceeds,  will  be 
all  that  is  necessary 
to  produce  a  true 
hexagon.  Neverthe- 
less it   is  possible   , 

that  error  may  have  crept  in,  though  we  have  performed 
the  above  operation  with  the  greatest  of  care ;  it  is  there- 
fore imperative  upon  us  to  apply  correcting  tests  to  our 
work,  such  as  a  pau-  of  cahpers,  to  try  if  each  pair  of  the 
opposite  sides  are  parallel ;  also  the  bevel,  to  verify  if  each 
angle  of  the  figure  contains  120^.  Hexagon  shapes  are  so 
common  that  a  special  hexagon  gage  is  very  useful ;  and 
such  a  gage,  of  the  most  approved  form,  is  shown  in  Fig. 


m 

108,  together  with  its  method  of  application,  the  edges,  A 
B,  bemg  to  try  the  hexagon,  and  0  D  to  square  the  edge  to 
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the  face,  and  the  edge,  F,  being  used  as  a  straight  edge. 
If,  however,  we  have  not  such  a  gage,  we  may  set  the 
bevel  square,  shown  in  Fig.  23,  in  the  following  manner: 
Take  a  piece  of  board,  planed  on  one  side  and  on  one  edge, 
and  let  A  B,  in  Fig.  109,  represent  the  planed  edge,  from 
which  we  mark  with  the  gage  the  line,  0  D.   Then  tak- 
ing any  point,  such  as  I,  in  the  line  0  D,  as  a  center? 
at  a  convenient  distance,  we  describe  with  a  pair  of  com- 
passes the  arc,  F  G.    We  then  take  the  compasses,  and, 
without  shifting  their  points  at  all,  we  rest  one  point 
on  the  intersection  of  the  lines,  0  D  and  F  G,  and  then 
mark  the  arc,  H.   If  then  we  draw  a  line  from  the  intersec- 
tion of  the  arc,  F  G,  and  the  arc,  H,  to  the  center,  I,  upon 
which  the  arc,  F  G,  has  struck,  the  lines,  H  I,  I  0,  form 
the  angle  required ;  and  we  may  apply  the  stock  of  the  bevel 
square  to  the  planed  edge,  A  B,  and  set  the  blade  to  the 
Ime,  I  H,  as  denoted  by  the  dotted  lines.   The  bevel  being 
set,  we  test  the  work  as  it  proceeds,  first  cutting  down  one 
hexagonal  side,  and  then  applymg  the  bevel  to  gage  the 
angle  of  the  oth- 
ers; and  as  the 
diametrically  op- 
posite sides  are 
iiuished,  we  ap- 
ply the  calipers. 
The  lines  of  divi- 
sion upon  all  good 
pattern  work  are 
made  very  fine,  in 
fact,  merely  dis- 
tinguishable ;  and 
the  instrument  by 
which   they  are 
drawn  is  shown  in  Fig.  110.  It  is  called  a  cutting  scriber, 
and  the  end  at  A  is  beveled  off  at  both  sides,  like  a  skew 
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chisel,  forming  a  knife  edge.  The  end,  B,  is  ground  to  a 
point,  and  both  ends  are  finished  on  an  oilstone.  The  point 
end  is  for  drawing  hnes  along  the  grain,  while  the  cutting 
edge.  A,  is  for  drawing  Unes  across  the  grain  of  the  wood. 
The  wooden  handle  in  the  center  is  to  enable  the  operator 


I'icr.m 


to  hold  it  more  firmly.  It  sometimes  happens  that  the  size 
of  the  hexagon  is  given  across  the  flat  sides  instead  of  over 
the  angle;  and  when  that  is  so,  we  proceed  as  follows: 
We  describe  upon  a  i)iece  of  board,  as  in  Fig.  Ill,  a  circle 
of  a  diameter  equal  to  the  given  distance  between  the  flat 
sides.  We  then  take  a  hexagon  gage,  or  else  set  the  bevel 
square  to  an  angle  of  120° ;  and  applying  it  to  the  planed 
edge  of  the  board,  we  draw  the  line,  0  D,  in  Fig.  Ill,  in 
which  figure  A  is  the  circle  of  the  size  of  the  flat  sides  of 


the  hexagon,  and  B  E  are  the  planed  edges  of  the  board. 
We  next  reverse  the  bevel ;  and  from  the  opposite  edge  of 
the  board  we  strike  the  line,  F  D,  cutting  0  D  at  the  point 
D,  where  both  the  lines  cut  the  circumference  of  the  circle, 
A.    Then  from  the  center  of  the  pu-cle  A,  we  draw  the 
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circle  G,  intersecting  the  point  D.  The  diameter  of  G 
will  be  the  size  of  the  hexagon  across  the  comers. 

If  the  gland  is  a  long  one,  it  will  be  better  to  make  it  in 
halves,  letting  it  part  across  two  corners,  as  shown  in  Fig- 
112.  When  a  gland  of  this  kind  is  made  in  halves,  the 
comers  at  the  parting  are  liable,  from  then:  weakness, 
to  chip  off,  and  it  is  therefore  proper  to  make  it  of  hard 
wood. 


CHAPTEE  YI. 


EXAMPLES  OF  T  PIPE  AND  JOINT  WOEK* 

Our  next  example  is  what  is  called  a  T,  a  drawing  for 
wMcli  is  sliown  in  Fig.  113.  It  is  shown  with  flanges  on 
the  main  body,  and  a  hexagon  on  the  branch.  Sometimes 
a  flange  is  employed  instead  of  the  hexagon,  but  this  de- 


pends tipon  the  connections  to  which  it  is  to  be  attached. 
Patterns  of  this  class  are  often  made  so  that  either  round 
flanges  or  hexagonal  connections  may  be  put  on  at  will ; 
and  it  is  in  that  style  that  we  propose  to  make  our  example. 
It  is  apparent  that  the  pattern  will  be  the  most  easily  molded 
with  its  body  and  branch  both  lying  horizontally  in  the 
mold;  so  that,  if  we  suppose  the  surface  of  this  paper  tore- 
present  the  surface  of  the  mold,  the  engraving  shows  just 
how  the  pattern  will  lie  in  it.  It  will  be  advisable,  there- 
fore, to  make  the  pattern  in  halves. 
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We  first  prepare  the  body  and  flanges,  in  the  same 
manner  as  described  for  the  body  of  our  gland;  the  only 
difference  being  that  wq  have,  in  this  case,  to  fit  a  flange 
on  each  end.*  The  same  method  is  pursued  in  making  the 
branch,  with  the  exception  that  we  only  require  a  core  print 
on  one  end,  the  other  end  abutting  against  the  body.  The 
first  question  that  arises  is,  How  long  shall  we  make  the 
branch '?  and  this  depends  npon  how  far  the  branch  follows 
the  curvature  of  the  body.  In  our  example,  the  branch 
and  body  are  of  the  same  diameter,  and  therefore  the 
branch  will  follow  exactly  half  way  around  the  body.  We 
turn  up  the  branch  piece,  then,  to  its  requisite  diameter, 
and  make  its  length  equal  to  the  diameter  to  which  it  should 
stand  out  from  the  body,  added  to  half  the  diameter  of  the 
body,  Tlie  pieces  we  have  made,  then,  are  those  shown  in 
Fig.  114,  in  which  A  represents  the  piece  for  the  body,  and 
B,  the  liiece  for  the  branch.    Our  next  proceeding  is  to  cut 


ont  the  abutting  end  of  the  branch  to  fit  to  the  curvature 
of  the  body,  and  this  we  perform  as  follows  :  We  first  set 
the  bevel  square  to  an  angle  of  45°,  by  the  process  sliowu 
in  Fig.  109,  and  then,  taking  the  branch  halves  apart,  and 
6 
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placing  the  bevel  square  with  its  back  across  the  end  face 
of  the  branch  (the  blade  lying  on  the  joint  face  of  the  half 
branch),  we  mark  the  two  Unes,  A  B,  in  Fig.  115,  which 
must  meet  exactly  in  the  center 
of  the  branch  and  at  the  extreme 
end,  as  shown  in  Fig.  IIG.  Wo 
then  pare  off  the  angular  piece, 
0  D,  down  to  the  lines,  A  B.  If, 
before  we  do  the  paring,  however, 
we  give  our  half  branch  a  quarter 
turn  around,  it  will  appear  as 
shown  in  Fig.  IIG;  the  curve 
formed  by  the  intersection  of  the  plane  surface  (just  made) 
with  the  round  surface  of  the  piece,  is  the  true  curve  of 
the  body  of  the  T. 

Turning  to  the  other  half  of  the  branch,  we  perform  upon 
it  the  same  operation  ;  and  we  may  then  cut  away  with  the 
gouge  the  intervening  timber  from  between  the  curve  hues. 
Our  two  halves  will  bo  of  the  proper  curve  at  the  end,  to 
fit  exactly  to  the  body  of  the  T,  as  shown  in  Fig.  117,  in 


which  A  represents  a  sectional  view  of  the  body  of  the  T, 
and  B  C  are  the  two  halves  of  the  branch ;  while  the  view 
D  shows  the  body  of  the  T  lying  horizontally,  with  the 
branch  attached. 
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"We  have  now  to  fasten  the  branch  to  the  body  of  the  T ; 
and  here  we  must  pause  to  consider  whether  the  pattern  is 
required  to  serve  simply  for  the  production  of  a  few  cast- 
ings 5  whether  it  is  to  be  cast  aside  after  the  first  casting-, 
never  to  be  used  again  (which  is  often  the  case),  or  whether 
it  is  intended  for  standard  or  continuous  use.  For  a  tem- 
porary purpose,  a  few  screws  will  be  sufficient ;  but  for  a 
permanent  pattern,  a  much  stronger  joint  may  be  made  as 
follows :  Brush  with  hot  glue  the  ends  of  the  branch  i)iece, 
and  let  them  stand  until  the  glue  has  been  absorbed  into 
the  pores  of  the  wood.  This  is  called  sizing,  and  is  always 
necessary  in  gluing  end  wood,  as  it  is  called — ^meaning  the 
end  grain  of  wood.  The  reason  that  sizing  is  in  that  case 
necessary  is,  that  the  pores  of  the  wood  all  meet  the  surface 
in  the  end  grain,  and  the  sizing  is  necessary  to  fill  them. 
We  then  take  a  truly  planed  piece  of  board,  and  lay  one 
half  of  the  body  down  upon  it,  placing  a  piece  of  thin  paper 
between  the  body  and  the  board,  so  that  any  glue  that  may 
run  out  may  not  touch  the  board  :  otherwise  it  may  glue 
the  work  so  fast  to  the  board  that,  in  parting  them,  some 
of  the  fibers  of  the  wood  may  get  torn  out.  Then  we 
fasten  temporarily  the  half  body  to  the  board,  and  lay  one 
half  of  the  branch  with  its  flat  surface  on  the  same  board, 
and  glue  it  to  its  place,  drawing  it  well  up  to  the  body  i>iece 
with  dogs  or  clami)s,  at  the  same  time  observing  that  it  is 


close  down  to  the  board,  and  fixing  it  temporarily  there,  as 
shown  in  Fig.  118,  and  allowing  it  to  remain  until  the  glue 
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is  dry.  In  putting  on  tlie  second  half  of  the  branch,  the 
board  need  not  be  used,  since  the  first  half,  alrea  jiy  in  posi- 
tion, will  serve  as  a  guide.  A  i)iece  of  paper  must,  how- 
ever, be  placed  between  the  two  halves  of  the  branch,  to 
prevent  them  from  adhering  together.  When  all  is  dry, 
put  a  strong  screw  in  the  position  denoted  at  A,  in  Fig.  119, 
cut  out  a  recess  on  the  flat  face  of  each  half,  and  let  in  a 
J^m.]J9.       piece  of  hard  wood,  as  shown  by  the 

^ —  h  dotted  lines  in  the  same  figure. 

(  I     Let  us  now  suppose  that,  in  our  ex- 

ample, the  diameter  of  the  branch  had  been  smaller  than 
that  of  the  body  of  the  T.  In  that  case  we  must  first 
ascertain  its  proper  length  by  the  process  illustrated  in 
Fig.  120,  which  rei)resents  a  piece  of  board,  upon  which 
we  strike  the  line  A  B  ;  and  from  the  point  C,  we  make  the 
semicircle  D,  which  must  be  of  the  same  radius  as  the 
body  of  the  pattern.  Then, 
parallel  with  the  line  A  B, 
we  draw  the  line  D  E — the 
distance  between  these  two 
lines  being  equal  to  half  the 
diameter  of  the  branch  of  the  pattern.  Then  from  the 
junction  of  the  line  D  E  with  the  semicircle  D,  we  strike 
the  line  D  F,  at  a  right  angle  to  A  B ;  and  then  from  F 
to  G,  added  to  the  distance  which  the  branch  requires  to 
stand  out  from  the  edge  of  the  body,  is  the  length  we 
require  to  make  the  branch. 

To  draw  the  curve  on  this  branch  so  as  to  cut  it  out 
to  tit  the  body,  we  proceed  as  follows :  Fig.  121  represents 
the  application  of  a  pecuUar  trammel,  designed  for  this 
and  similar  purposes.  It  enables  the  operator  to  strike 
a  true  circle  upon  a  round  or  uneven  surface.  It  is  com- 
posed of  the  turned  bar  or  rod  of  metal.  A,  of  about  half 
an  inch  diameter,  and  upon  it  slides  the  piece  of  brass 
tube,  B,  upon  which  is  contrived  a  support  for  the  sliding 
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arm,  C,  as  Well  as  a  set  screw  for  fastening  the  arm,  0,  in 
any  desired  position.  At  the  end  of  the  arm,  C,  is  placed 
an  arrangement  for  fastening  the  scriber,  D.  so  that  we 
may  set  the  scriber  at  any  requisite  distance  from  the  rod, 
A,  by  adjusting  and 
fastening  the  arm, 
C,  and  revolve  it 
about  while  lifting 
or  lowering  it  upon 
the  rod,  A,  When 
proiierly  made,  this 
is  a  most  useful  tool ; 
and  if  not  in  use,  it 
may  be  taken  apart 
in  an  instant,  and  it 
occupies  but  very 
little  room  in  a  tool 
box.  If  the  stand,  E,  pierced  with  holes  for  screwing 
down,  is  provided,  it  will  be  a  very  useful  addition,  but 
it  may  be  dispensed  with;  whereas  the  tool  proper,  or 
some  improvised  substitute  for  it,  is  absolutely  neces- 
sary, for  the  curve  must  be  struck  somehow.  If  the  pipe 
or  branch  is  large — say  even  six  inches  in  diameter — to 
attempt  to  fit  it  by  guessing  and  trying,  is  the  work  of  a 
novice  and  not  of  a  workman.  To  apply  this  tool  to  our 
branch,  we  proceed  as  follows :  Talking  a  planed  board,  we 
gage  a  line  upon  it,  and  at  a  point  on  this  line  we  describe 
a  circle  upon  it  of  the  size  of  the  foot 
of  the  instrument.  We  then  make  two 
y  blocks,  such  as  shown  in  Fig.  122, 
to  carry  the  branch.  We  then  place 
these  V  blocks  with  the  apex  of  the  V 
exactly  over  the  gaged  line,  and  place 
the  branch  in  the  Vs.  We  then  set  the  point  of  the  scriber 
at  a  distance  from  the  rod  of  the  trammel  equal  to  the  dia- 
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meter  of  the  branch,  which  may  be  readily  done  if  the  size 
of  the  rod  be  known.  We  next  mark  upon  the  top  of  the 
branch,  as  it  lays  in  the  V's  (with  the  joint  of  the  two  halves 
standing  vertically),  the  distance  it  requires  to  be  cut  out 
to  form  the  curve,  which  distance  will  correspond  to  the 
distance  of  F  G,  in  Fig.  120.  We  then  draw  the  branch 
forward,  until  this  mark  falls  exactly  under  the  scriber, 
keei)ing  the  joint  faces  vertical ;  and  this  adjustment  being 
made,  we  fix  temporarily  the  branch  to  the  i)iece  of  board 
whereon  it  and  the  V's  rest.  Then  we  move  the  arm,  0, 
in  Fig.  121,  a  half  circle  5  and  letting  the  point  of  the  scriber 
contact  with  the  branch,  we  draw  the  necessary  line.  It 
will  be  found,  however,  that  it  is  requisite  to  mark  the  lines 
while  lifting  the  arm,  to  prevent  the  scriber  from  digging 
into  the  wood.  Thus  one  side  of  the  branch  will  be  marked, 
and  we  must  then  turn  it  upside  down  on  the  Y's,  set  the 
joint  vertically  again,  adjust  the  mark  to  the  scriber  point, 
and  proceed  as  before  to  mark  the  other  side  of  the  branch. 
We  may  then  cut  out  the  coiners  to  the  lines,  which  may 
be  most  rapidly  performed  by  a  band  saw,  sawing  exactly 
to  the  line — the  branch  being  held  on  a  board,  as  it  was 
■when  being  marked.  In  fact,  a  piece  of  wood  should  be 
fitted  underneath,  where  the  saw  cut  will  come,  so  as  to 

prevent  the  fibers  of  the 
wood  from  being  torn  out  at 
the  edge,  showing  a  ragged 
cut — as  it  is  very  apt  to  do, 
especially  if  the  band  saw  is 
not  in  Qrst-class  order. 

Should  the  branch  be  re- 
quired to  stand  oblitjuely  to 
the  body  of  the  pattern,  as 
shown  in  Fig.  123,  it  may 
be  struck  out  in  the  same  manner;  but  instead  of  being- 
set  square  with  the  rod  of  the  trammel,  as  in  the  former 
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case,  it  must  be  set  at  the  bevel  at  which  it  is  to  be 
fixed  upon  the  body  of  the  pattern.  When  marking  one 
side,  the  branch  must  make  an  angle  with  the  upright 
equal  to  the  angle  at  A,  in  Fig.  123 ;  while,  when  mark- 
ing the  other  side,  it  must  form  an  angle  equal  to  that 
at  B,  in  the  same  figure.  It  will  pay,  where  two  or  three 
pattern  makers  are  employed,  to  have  this  marking  appa- 
ratus always  standing  ready  for  use  upon  aboard,  with  the 
degrees  of  angles  marked  thereon ;  so  that  a  workman 
could  mark  off  his  job  in  five  minutes,  and  cut  it  out  with 
a  band  saw.  Cutting  out  with  a  gouge,  and  trying  to  its 
place,  may  take  four  or  five  hours.  It  must  be  borne  in 
-mmd  that  too  much  care  cannot  be  given  to  striking  out 
the  piece  accurately,  and  to  sawing  them  true  to  the  lines. 
The  saw  must  be  sharp,  and  of  a  width  suitable  to  the  curve, 
and  not  tremble,  or  "  dither,"  as  band  sawers  say.  By 
attending  to  these  matters,  a  fit  may  be  obtained  with  a 
minimum  of  labor  to  the  workman ;  and  this  is  desirable  in 
itself,  and  is  an  item  of  profit  in  the  cost  of  the  pattern. 

We  need  not  dwell  upon  the  half  core  box,  which  is  ne- 
cessary for  this  pattern  if  the  branch  stands  at  a  right  angle 
to  the  body ;  or  the  full  one,  necessary  if  it  is  requu-ed  to 
stand  obliquely.  When  the  body  of  the  T  is  much  larger 
in  diameter  than  is  the  branch,  we  may  joint  the  two  in  a 
simpler  way,  which,  so  long  as  it  does  not  entail  a  great 
weakenmg  of  the  body,  will  be  found  more  advantageous 
than  the  method  described.  This  simpler  method  is :  Hav- 
ing found  the  amount  of  the  length  of  the  branch  necessary 
to  allow  for  curvature  of  the  body  (by  the  process  shown 


in  Fig.  110),  we  turn  upon  the  branch  end  an  additional 
projection  or  stem,  as  shown  in  Fig.  124,  somewhat  smaUer 
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in  diameter  than  the  branch  itself;  and  we  then  cut  in  the 
body  a  recess  to  receive  the  branch  and  turned  stem  or 
projection,  which  recess  may  be  either  cut  out  with  a  gouge 
or  turned  out  in  the  lathe,  the  latter  being,  for  obvious 
reasons,  the  best  method.  For  this  latter  operation,  we 
take  a  chuck,  similar  to  that  described  in  Fig.  58,  as  a 
cement  chuck ;  and  having  verified  that 
the  point  and  the  face  of  the  chuck  run 
quite  true,  we  draw  a  center  line  across 
it,  set  the  apexes  of  the  two  V  blocks 
exactly  over  this  line,  and  then  fasten 
them.  Having  marked  upon  the  body 
the  center  of  the  branch,  we  find  a  ijoint 
diametrically  opposite  to  it  ui)on  the 
body,  and  place  the  body  so  that  the  steel 
center  point  enters  the  point  so  found,  at 
the  same  time  as  the  body  rests  in  the  Vs. 
We  then  fix  it  in  this  position  by  thin  straps  of  hoop-iron, 
or  any  other  contrivance  that  will  not  project  so  as  to  pre- 
vent the  lathe  rest  (or  tool  rest,  as  it  may  be  more  pro- 
perly termed)  from  being  brouglit  close  to  the  work.  The 
work  must  be  securely  screwed  to  the  chuck,  on  account  of 
the  high  velocity  of  the  lathe  in  turning.  To  cut  out  the 
recess,  we  commence  by  placing  a  center  bit  in  the  back 
lathe  center,  and  boring  a  hole,  as  large  as  convenient  and 
very  nearly  to  the  required  depth.  A  screw  bit  is  not 
available  for  this  purpose,  for  it  would  in  many  cases  be 
right  through  the  work  before  there  was  time  to  stop  the 
lathe,  which  is  not  usually  sufiiciently  under  control.  Wo 
may  next  take  a  turning  tool,  and  turn  out  the  recess  to 
fit  the  end  of  the  branch ;  and  after  taking  the  job  Irom 
the  lathe,  we  fasten  each  half  of  the  branch  by  gluing 
and  screws.  In  connection  with  this  method,  there  is  yet 
another  advantage  :  it  is,  that  by  cutting  away  the  body 
instead  of  the  branch,  it  renders  us  indifferent  as  to 
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whetlier  tlie  sliape  of  tlic  body  be  spherical,  as  in  a  globe 
valve,  or  elliptical,  or  even  vase- shaped :  because,  in  this 
case,  the  shape  adds  nothing  to  the  difficulty  of  the  job. 
Should  it  occur  that  one  end  of  the  T  is  larger  than  the 
other,  we  may  find  the  height  necessary  for  each  of  the  V 
pieces  (whereon  the  body  rests  during  the  turning  process) 
as  follows :  Draw  upon  a  piece  of  board  the  line  A  1), 
in  Fig.  12G,  which  will  represent  the  plane  of  the  chuck  j 
and  let  the  point  C  represent  the 
center  point  of  the  lathe.  Then, 
from  C,  we  square  up  the  line  D ; 
and  we  set  the  compasses  to  the 
radius  of  the  body  of  the  pattern  at 
the  center  of  the  place  where  the 
brn  nch  is  to  be.  We  take  a  radius 
from  0,  and  about  j\  inch  up  from  the  line  A  B,  and  with 
this  radius  we  mark  on  the  line  D,  the  point  E.  From 
this  point,  as  a  center,  we  strike  the  axes,  E  and  F,  whose 
radii  correspond  to  the  unequal  sizes  of  the  pattern,  where 
the  V's  are  required  to  be.  Then  we  draw  tangents  to 
each  of  these  arcs,  and  complete  the  forms  of  the  V 
blocks,  as  shown  in  Fig.  127,  in  which  half  of  each  V  block 
is  shown. 

We  have  now  to  make  a  core  box  for  our  T ;  and  for 
clearness  of  illustration  we  will  make  the  drawing  some- 
what larger  than  those  for  the  T  itself.  Fig.  127  repre- 
sents three  views  of  the  core  box ;  that  portion  which  pro- 
jects below  the  line,  at  B,  may  be  made  separately,  and 
need  not,  therefore,  be  given  any  consideration.  Having 
drawn  the  plan  of  the  box,  as  shown  in  Fig.  127  at  1,  we 
draw  the  end  and  side  views,  as  shown  at  2  and  3,  and 
divide  these  latter  into  coiu'ses  of  a  thickness  to  suit  the 
stuff  at  hand,  from  which  the  core  box  is  to  be  made.  The 
courses  may  be  made  of  equal  or  unequal  depth.  Courses 
1  and  2  are  got  out  of  the  full  size  of  the  box,  while  courses 
G* 
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3  and  4  must  be  of  tlie  length  of  the  box,  but  their  width 
will  differ  according  to  the  curvature  of  the  half  circle  of 
the  core,  as  shown  in  Fig.  127,  at  2  and  3 ;  5  and  6  will  bo 
similar  to  3  and  4,  and  may  be  marked  from  them.  All 


these  pieces  must  be  planed  to  a  true  surface  and  glued 
together,  each  course  being  allowed  to  dry  before  the  next 
one  is  put  on ;  but  for  greater  expedition,  nails,  in  addi- 
tion to  the  glue,  may  be  used,  in  which  case  care  must  be 
taken  that  they  do  not  come  so  close  as  to  interfere  with 
the  cutting  out  of  the  half  circle.  The  part  A  B,  if  very 
short,  say  under  3  inches,  may  be  made  in  one  piece ;  but 
if  over  3  inches  and  not  over  6  inches,  we  take  two  pieces 
of  the  required  length  and  width,  and  of  half  the  thick- 
ness, and  chuck  them  in  the  manner  previously  explained 
for  making  flanges  in  halves ;  then  we  place  the  work  in 
the  lathe,  and  bore  a  hole  for  the  core,  then  take  them 
from  the  chuck  and  glue  them,  first  together  and  next  to 
the  body  of  the  core  box.  We  next  turn  the  body  part  of 
the  core  to  a  semicircle  of  the  required  size,  and  all  that 
will  then  remain  to  be  cut  is  that  part  of  the  branch  that 
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is  above  the  line  A  B.  If,  however,  the  part  below  A  B, 
in  Fig.  127,  should  be  required  still  longer,  then  it  had 
better  be  built  up  in  the  same  manner  as  the  other  part. 
The  lengths  of  the  pieces  forming  the  courses  will  be  the 
same,  and  may  be  measured  on  Fig.  127,  from  A  B  out- 
wards. The  widths  will  differ,  and  may  be  measured  from 
E  or  F,  inwards.  This  separate  portion,  from  the  grain  of 
the  wood  being  enduric,  cannot  be  firmly  fixed  to  the 
main  body  of  the  box  with  glue ;  we  must,  therefore,  in 
addition,  place  battens  below  the  box,  and  let  in  pieces  of 
hard  wood  or  metal  above,  as  represented  in  Fig.  127,  at 
G  and  H. 
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Our  fourth  example  is  a  double  flanged  pulley,  shown  in 
section  in  Fig.  128 ;  and  our  first  consideration  is,  how  it 
shall  be  molded.   It  evidently  should  Me  in  the  sand  in 


the  position  shown  in  Fig.  129;  but  it  will  be  observed 
that  the  sand  is  confined  between  two  flanges,  rendering 
it  practically  impossible  to  retract  the  pattern  from  the 


mold,  if  it  is  made  in  one  piece.  We  say  practically  im- 
possible, meaning  that  it  cannot  be  done  economically ;  for 
strictly  speaking,  an  expert  molder  with  every  requisite 
appliance,  can  mold  almost  anything,  as  any  one  will 
conclude  who  examines  the  various  works  of  art  in  bronze 
Avhich  aiii)ear  in  art  exhibitions  and  elsewliere.  Our  i)at- 
1  ern  must,  for  ease  of  molding,  be  made  in  two  parts.  If 
the  disk  (or  spokes,  if  it  be  a  spoke-wheel)  be  sufiiciently 
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tMck  to  allow  it,  tlie  division  may  be  made  at  the  center, 
that  is  to  say,  on  the  line  A  P,  in  Tig.  128.  The  operation 
of  the  molder  may  be  understood  from  Fig.  12D,  three  dis- 
tinct beds  of  sand  being  necessary.  It  may  be  that  a  part 
of  a  flask  is  used  for  each  bed,  or  it  may  be  arranged  as 
shown  in  Fig.  129,  it  being  a  matter  of  iudifl'orence  to  the 
pattern  maker.  In  either  case,  however,  draught  should 
bo  allowed  both  inside  and  outside,  that  is  to  say,  both  the 
interior  and  exterior  diameters  of  the  pattern  should  be 
made  smallest  at  the  line  of  parting,  the  diameters  in- 
creasing slightly  as  they  approach  the  flanges.  The  hubs 
also  should,  in  like  manner,  be  sMghtly  tapered.  Inside 
sharp  corners  should  be  avoided ;  they  should,  in  fact,  al- 
ways be  rounded  by  cutting  them  out  with  a  round-nosed 
tool.  To  construct  this  pattern,  we  proceed  as  follows:  For 
a  small  pattern,  we  take  two  pieces,  somewhat  thicker  than 
lialf  the  thickness  of  the  finished  pattern,  and  large  enough 
to  allow  for  turning.  We  then  chuck  them,  as  shown  in 
Fig.  130,  and  turn  them  up.  The  recesses,  shown  at  the 
center  by  the  dotted  hues,  must  be 
made  of  equal  size  in  the  halves  of  the 
pattern ;  and  we  prepare  a  chuck  with 
a  projection  across  the  center  to  fit 
into  the  recess,  and  thus  rechuck  the 
pieces,  and  turn  out  the  opposite  sides, 
cutting  the  hubs  out  of  the  solid.  Wo 
may  then  fit  a  plug  into  the  recess  in 
one  half  of  the  pattern,  and  glue  it 
fast,  allowing  it  to  project  so  as  to  fit 
into  the  recess  in  the  other  half;  and 
the  pattern  is  complete^  unless  the 
hole  in  the  hub  is  to  be  cored,  in  which 
case  it  will  be  necessary  to  fix  core 
prmts  on  the  top  and  bottom,  in  the 
manner  described  in  our  first  example. 
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A  useful  Jiint  may  liere  be  given  to  the  effect  that  when 
it  is  decided  to  fix  prints  in  the  center  of  a  piece  of  turned 
-work,  a  slight  recess  may  be  made  to  receive  the  print, 
which  is  then  sure  to  stand  true  5  and  should  it  at  any  time 
get  accidentally  knocked  ofl;  as  prints  often  do,  another 
may  be  immediately  afSxed  without  the  trouble  of  finding 
the  center.  The  pattern  now  supi>osed  to  be  made,  though 
good  enough  for  many  purposes,  has  one  great  defect  which 
Avill  be  readily  perceived  when  we  bear  in  muid  our  remarks 
on  the  properties  of  timber.  It  is,  that  it  will  gradually  be- 
come oval  J  and  to  avoid  this,  we  must  have  recourse  to 


what  is  termed  building  up,  a  process  which  must  in  any 
event  bo  used,  if  the  pattern  is  a  large  one.  To  build  up 
such  a  pattern,  we  proceed  as  follows :  After  dra\ying  the 
puUcy  in  section  and  in  plan,  as  shown  in  Fig.  131,  we 
divide  the  whole  height  of  the  section  into  courses,  the 
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number  of  courses  being  regulated  so  as  to  have  eacli  of  a 
couvenient  tliickness.  It  is  advisable,  however,  to  have  at 
least  two  courses  in  the  flange,  which  will  greatly  iucreaso 
its  strength.  After  dividing  one  of  the  circles  in  the  plan 
view  into  six  parts,  we  draw  lines  from  the  points  of  division 
to  the  center,  as  shown ;  and  then  we  make  a  template  of 
one  division,  as  shown  at  A,  w^hich  must  be  made  a  little 
larger  than  the  division,  and  this  forms  a  template  where- 
by to  cut  out  the  segments  forming  the  courses  which  make 
up  the  flanges.  A  similar  template,  cut  out  somewhat 
larger  than  the  space  devoted  to  13,  in  Fig.  131,  will  servo 
to  cut  out  the  sections  to  be  used  in  formmg  the  body  of 
the  pattern.  The  flanges  being  made  in  two  courses  each, 
and  there  being  six  sections  in  each  course,  v/e  shall  require 
20  pieces  of  the  size  of  the  large  template;  and  allowing 
each  half  of  the  body  likewise  to  consist  of  two  courses, 
we  shall  require  the  same  number,  to  form  the  body  of  the 
pattern,  of  the  size  of  the  small  template. 

Our  templates  being  made,  we  plane  up  some  pieces  of 
board  a  trifle  thicker  than  the  courses  are  intended  to  be. 
It  is  easier  to  plane  up  the  pieces  of  the  board  while  yet 
square,  than  to  plane  up  the  segments  separately.  From 
the  template,  with  a  black  lead  pencil,  wo  mark  oft'  on  the 
planed  pieces  of  board  the  requisite  number  of  segments, 
and  cut  them  out  with  a  band  or  jig  saw.  Yfc  now 
proceed  to  budding  up,  for  which  purpose  we  employ 
a  chuck  as  a  base  whereon  to  build.  It  will  save  time, 
however,  to  have  two  chucks,  building  one  half  of  the 
pattern  on  each,  and  both  halves  simultaneously,  which 
wfll  give  suflicient  time  for  each  course  to  dry,  without 
requiring  nails  or  pegs  to  assist  the  glue  in  holdmg  them 
together.  The  two  chucks  having  been  prepared,  we  glue 
to  them  strips  of  paper  at  intervals  where  the  points  of 
the  segments  wiU  come,  as  shown  in  Fig.  132  ;  and  if  the 
segments  are  very  long,  we  glue  another  strip  between 
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each  of  these  strips,  so  that  the  segment  may  lie  level 
on  the  chuck.  As  the  building  proceeds,  the  end  of  each 
segment  must  be  planed;  and  for  this  piupose,  we  re- 
quire what  is  called  a  shooting  board,  which  is  a  simple 


contrivance,  made  in  the  following  manner :  We  take  a 
piece  of  board  about  2  feet  long,  8  or  9  inches  wide,  and 
nearly  1  inch  thick,  and  also  a  piece  of  the  same  length, 
but  6  inches  wide,  and  |  inch  thick;  and  after  planing 
them  up  straight,  we  screw  one  to  the  other,  as  shown 
in  Fig.  133,  at  A  B.  S  is  a  raised  piece  called  a  stop, 
and  it  should  be  recessed  about  |  inch  into  B,  and  dove- 
tailed. It  should  not  be  glued,  as  the  shooting  board  is 
useful  for  other  purposes  besides  dressing  segments :  and 
it  may  be  necessary  to  change  the  stop  for  one  of  a  dif- 
ferent height.  In  Fig.  133,  the  segment  is  shown  in  posi- 
tion for  being  dressed;  while  in  Fig.  132  a,  the  truing 
plane  is  shown  lying  upon  its  side,  in  which  position  it 
works  along  the  board,  guided  by  the  piece  B. 

The  shoothig  board,  made  as  above,  when  in  use,  lies 
upon  the  bench,  butting  against  the  bench  stop,  B  G. 
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In  cases,  however,  where  the  space  is  confined,  the  work 
bench  being  small,  the  shooting  board  may  be  worked  lying 
across  the  bench,  providing  the  stop,  C,  be  affixed  to  it.  The 
use  of  the  shooting  board,  then,  is  to  plane  the  end  of  each 
segment  to  its  necessa- 
ry length  and  angle; 
and  having  so  dressed 
one  segment,  we  glue  it 
to  the  pieces  of  paper 
on    the   chuck,  upon 
which  a  circle  of  the 
necessary  diameter  has 
been    marked,    as  a 
guide  whereby  to  set 
the  first  course  of  seg- 
ments.   We  must  not 
forget,   while  gluing 
the   segment   to  the 
l)ieces  of  paper  on  the 
chuck,  to  give  the  ends 
of  the  segment  a  coat 
of  glue  for  sizmg,  as 
explained  in  a  previous 
example.      Our  next 
segment  we  treat  in  a 
precisely  similar  manner,  save  that,  while  gluing  it  to  the 
chuck,  we  also  glue  it  on  the  ends,  so  that  it  shall  be  sized 
at  one  end,  and  glued  at  the  other  to  the  segment  already 
glued  to  the  chuck,  the  object  of  the  end  gluing  bemg  to 
strengthen  the  building,  and  at  the  same  time  to  prevent 
the  corners  of  the  segments  from  breaking  out  during  the 
process  of  turning  them  in  the  lathe.   As  each  segment  is 
glued  to  its  place,  it  should  be  clamped  or  weighted  down, 
so  as  to  expel  the  excess  of  glue,  and  also  to  prevent  it 
from  shifting  while  its  neighbor  is  being  butted  against  it. 
6** 
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Having  completed  one  course  (which  will,  of  course,  be  one 
of  those  intended  for  the  flange),  and  allowed  sufficient 
time  for  the  glue  to  dry,  we  put  the  chuck  in  the  lathe, 
and  true  up  by  facing  off  this  layer  of  segments  to  its 
proper  thickness,  making  the  face  straight,  and  testing  the 
same  by  using  a  chalked  straight-edge  to  make  the  high 
places  more  plainly  visible.  We  then  true  the  diameter 
of  the  course. 

Our  work  is  at  present  fastened  to  the  chuck  by  the  glue 
only ;  and  for  small  work,  only  two  or  three  courses  high, 
this  wiU  suffice.  But  if  the  work  is  large,  one  screw  should 
be  inserted  through  the  chuck  into  each  segment,  about 
half  way  between  the  points ;  and  even  then,  if  we  buUd 
far  out  from  the  chuck,  it  will  be  necessary,  after  a  few 
more  courses  have  been  added,  to  replace  these  screws  by 
longer  ones,  which  may  be  done  (without  disturbmg  th*, 
Avork)  by  replacing  them  one  by  one.  If  screws  are  inad- 
missible by  reason  of  the  danger  of  splitting  the  segments 
(as  is  sometimes  the  case),  we  must  adopt  another  method ; 
and  that  is,  to  discard  the  paper,  and  glue  an  extra  course 
of  segments  firmly  to  the  chuck,  this  extra  course  being 
afterwards  turned  away,  until  cut  through. 

The  second  and  consecutive  courses  of  segments  are  built 
up  in  the  same  manner  as  the  first,  the  planed  faces  of 
the  segments  being  glued  to  the  respective  faced  courses 
on  the  chuck,  until  wo  arrive  at  the  last  course  in  the 
half  pattern;  and  mto  this  the  half  spokes  or  disc,  which- 
ever it  may  be,  must  be  recessed,  as  shown  in  Fig.  131. 
The  hubs  are  to  be  turned  in  the  lathe  separately,  with  a 
short  plug  on  the  under  side,  to  fit  a  slight  recess  turned 
in  the  disk.  If  it  is  preferred,  the  disk  or  spokes  may  be 
made  solid,  and  fixed  to  one  half  of  the  pattern,  the  other 
half  and  its  half  hub  being  left  loose. 

As  we  have  stated  that  this  may  be  a  spoke  wheel  it 
will  be  as  well  to  explain  the  operation  of  making  and  W 
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ting  the  spokes  or  arms.    If  the  spokes  are  four  m  num. 
ber,  the  process  is  very  simple.   We  take  two  pieces  of 
timber  long  enough  to  reach  across  the  wheel,  and  plane 
them  to  the  required  thickness  of  arm,  and  liave  them 
sufQciently  wide  to  shape  the  hollows  about  the  hub  and 
towards  the  rim.   Tlien  we  make  a  mark  with  a  pencil  on 
one  side  of  each,  which  we  call  the  face.    We  then  set  a 
gage  to  half  the  thickness  of  the  spoke,  and  with  it  mark 
lines  on  both  edges  of  each  piece,  always  gaging  from 
tlie  face  side.   We  meet  at  the  center  of  the  length,  cut  a 
recess  out  of  each  sufficiently  wide  and  deep  to  admit  the 
other,  so  that  the  pieces,  when  put  together,  form  a  cross, 
which  we  let  into  the  wheel  and  fix  temporarily  with 
brads.    We  now  place  the  work  in  the  lathe,  and  start 
tne  lathe  so  as  to  find  the  center  of  the  wheel,  from  which 
center  we  draw  out  the  arms,  and  then  turn  out  the  recess 
to  receive  the  hub.   We  mark  the  arms  to  tlieir  respec- 
tive places  in  the  rim,  so  as  to  be  able  to  correctly  replace 
them,  and  then  we  take  them  out  of  the  rim,  and  shape  them 
to  then-  proper  conformation.     This  being  done,  we  glue 
them  to  their  places  in  tlie  rim.    In  the  case  of  six  arms 
benig  retpured,  all  these  operations  are  similar,  with  the 
exception  that  there  are  three  pieces  to  be  framed  to- 
gether for  the  spokes  instead  of  two;  and  we  proceed  in 
the  following  manner :  We  divide  the  thickness  of  any 
one  piece  into  three  equal  parts,  and  mark  lines  to  these 
equal  divisions  on  the  edges  of  all  the  pieces.  These 
gage  hues  need  not  extend  the  full  length  of  the  pieces, 
but  only  for  some  distance,  about  the  center  of  the  hmgth, 
where  it  is  expected  the  recess  will  be  cut  out.    We  next 
gage  center  lines  on  the  flat  sides,  and  find  the  centers  of 
the  leugtn  approximately.   A,  B,  and  C,  in  Fig.  134,  re- 
present  our  three  pieces,  which,  when  put  together,  are  to 
form  the  six  arms.    Setting  the  compasses  to  a  radius  of 
one  half  the  width  of  the  pieces,  we  mark  (from  the  centers 
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already  found)  cii-cles  on  one  side  of  tlie  pieces  A  and  C 
and  also  on  both  sides  of  B.    We  next  set  a  bevel  square 
to  an  angle  of  60°;  and  with  this,  set  to  touch  the  edge  of 
ihe  circle,  we  draw,  on  A  and  C,  tangents  crossing  each 
other;   and  on  the  piece  B,  four  such  tangents,  two  on 
each  side,  must  be  marked.   The  piece  A  must  now  be 
recessed  between  one  pair  of  tangents  to  a  depth  of  two 
thirds  of  its  thickness,  and  betwean  the  other  pair  to  a 
depth  of  one  third.   B  must  be  recessed  on  each  side  to  a 
depth  of  one  third  its  thickness ;  while  on  the  piece  C, 
the  whole  of  the  space  included  between  the  tangents  must 
be  cut  away  to  the  depth  of  two  thirds.    The  recesses 
must  be  cut  true  to  the  hues,  and  level,  a  rabbet  plane  be- 
ing useful  for  the  purpose,  unless  the  work  is  small ;  and 
if  the  job  has  been  carefully  executed,  the  pieces  will  fit 


right  together,  and  may  be  glued  without  further  labor. 
For  an  odd  number  of  arms,  such  as  3,  5,  or  7,  the  method 
of  putting  together  is  different,  and  is  not  so  strong  as  the 
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foregoiflg.  It  is  as  follows :  Upon  a  flat  piece  of  board, 
fasten  a  piece  of  paper,  and  describe  upon  the  latter  a  cir- 
cle; then  divide  the  circumference  of  the  latter  into  as 
many  equal  parts  as  it  is  required  to  have  arms,  and  dray  ^ 
lines  from  this  center  of  the  circle  to  the  circumferentiiil 
points  of  division,  as  shown  in  Fig.  135.    Then  bevel  th4  ' 

ends  of  the  pieces  equal- 
ly on  each  side,  so  that 
each  shaU  exactly  cover 
its  own  division  of  the 
circle ;  and  as  eacli  is  fit- 
ted, fasten  it  temporarily 
down,  and  when  all  are 
fitted,  verify  the  work  as 
follows:  Observe  if  the 
pieces  are  equidistant 
from  one  another,  at  an 
equal  distance  from  the 
center  of  the  circle,  and 
at  or  near  the  extremities,  when  any  error  will  be  easily 
detected  and  rectified.  Then  glue  the  pointed  ends  all  to- 
gether, fastening  each  piece  temporarily  to  the  board,  as 
before,  and  set  the  whole  away,  until  it  is  quite  dry,  when 
the  piece  may  be  taken  from  the  board,  and  the  required 
form  given  to  the  arms,  ready  for  finally  fixmg  to  the  rim 
of  the  pattern. 

In  almost  all  cases  it  is  necessary  that  wheels  of  this 
kmdbe  provided  with  hubs;  and  by  the  attachment  of 
the  latter,  the  joints  of  the  spokes  at  the  center,  when 
made  as  shown  in  Fig.  135,  are  very  much  strengthened. 
But  in  the  rare  event  of  having  to  put  together  such  a 
combination  of  arms  without  hubs,  it  will  be  advisable  to 
turn  out  a  recess  at  the  center,  making  it  as  large  as  prac- 
ticable, and  fitting  into  it  a  disk  of  hard  wood.  Before 
cutting  out  the  spaces  in  the  rim  to  receive  the  extre- 
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mities  of  the  arms,  it  is  necessary  to  turn  out  that  part  of 
the  rim  to  the  finished  size,  as  it  will  be  inaccessible  to  the 
turning  tool,  when  the  arms  are  glued  in.  The  arms  being 
fitted  to  their  places,  and  made  fast  to  the  rim,  we  proceed 
to  turn  all  that  can  be  got  at — that  is  to  say,  the  exterior 
diameter  of  the  body  of  the  half  of  the  half-pattern,  and 
also  the  flange.  It  is  needless  to  add  that  each  half  of  the 
pattern  must  be  similarly  treated. 

The  work  is  now  to  be  reversed  on  the  chuck,  and  the 
inside  turned  out,  together  with  a  recess  at  the  center,  to 
receive  the  hub.  To  maintain  the  two  halves  of  the  pat- 
tern in  coincidence,  two,  and  sometimes  three  or  more,  pegs 
are  inserted  in  the  arms  of  one  half,  which  pegs  fit  into  holes 
bored  to  correspond  in  the  arms  of  the  other  half  of  the 
l^attern.  In  some  cases,  the  flanges  of  the  pattern  are  re- 
quired to  be  so  thin  as  not  to  admit  of  two  layers  or 
courses  of  segments  in  their  composition,  in  which  event  — 
especially  if  the  flanges  extend  far  from  the  body  of  the 
pattern — it  is  well  to  strengthen  the  joints  of  the  segments. 
Perhaps  the  neatest  way  of  accomphshhig  this,  is  to  make 
a  saw  cut  in  the  ends  of  each  segment,  and,  at  the  time  of 
gluing,  to  insert  a  tongue  or  thin  strip  of  wood,  nicely  fill- 
ing the  saw  cut,  the  grain  of  the  tongue  being  at  right 
angles  to  the  line  of  the  joint  of  the  segments.  Care 
should,  however,  be  taken  to  have  the  saw  cut  in  each  at  a 
similar  distance  from  the  face  of  the  segment.  It  will  be 
perceived  that  the  flanges  might  be  omitted  without  mak- 
ing any  difference  in  the  method  of  construction ;  nor  does 
the  method  to  be  pursued  vary  to  any  great  extent  for  all 
kinds  of  rope  or  chain  pulleys. 


CHAPTER  VIIT. 


PIPE  BENDS,  AND  LAGGING. 

Our  next  example  will  be  a  pipe  bend,  such  as  is  shown 
in  section  in  Fig.  130.  It  will  be  seen  upon  examination 
that  the  bend  proper  is  included  in  that  portion  contained 
within  the  dotted  lines,  C  0  and  D  D,  which  meet  at  the 
center  from  which  the  arcs,  forming  the  bend,  are  struck. 
Those  i)arts  exterior  to  the  dotted  lines  are  made  separate- 
ly from  the  bend  proper,  and  are  subjects  in  plam  turning, 


similar  to  those  already  treated  upon.  It  will  be  noted, 
however,  that  in  this  kind  of  pattern  the  core  is  not  so  well 
supported  as  in  our  previous  examjiles  j  and  it  has^  there- 
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fore,  a  tendeucy  to  sag  or  droop  tovvards  the  center  of  the 
arc,  and  also  to  rise  above  its  proper  level  when  the  metal 
is  poured  into  the  mold.  To  obviate  this,  we  must  make 
the  core,  and  hence  the  core  prmts,  extra  long,  as  shown 
by  the  dotted  lines  in  Fig.  13G.  It  is  usual  also  to  make  a 
provision  for  fastening  these  external  pieces  to  the  beud 
proper,  as  follows :  The  flange  is  one  piece,  the  bend  proper 
another,  and  the  core  print  yet  another.  The  core  print 
fits  into  the  flange,  and  has  a  projecting  piece  extending 
into  a  recess  or  hole,  provided  hi  the  bend  proper  to  receive 
it,  as  sbown,  and  thus  is  the  pattern  strengthened.  If  tlie 
core  prints  are  made  so  short  that  the  core  overbalances 
itself  when  placed  in  the  mold,  the  molder  inserts  into 
the  mold,  stays  or  supports  to  keep  the  print  in  position ; 
and  these  supports  are  called  chaplcts.  They  consist  of 
pieces  of  thin  sheet  iron,  bent  to  about  the  cui-vature  of  the 
core,  and  riveted  to  a  piece  of  wire,  the  device  being  pressed 
like  a  flat-headed  nail  into  the  sand.  The  piece  of  sheet 
iron  represents  the  nail  head  upon  which  the  core  rests, 
and  it  is  inserted  into  the  cope  and  nowel,  so  that  they  pro- 
ject the  proper  distance.  They  act  to  prevent  the  (;oro 
from  either  sagging  or  lifting,  by  floating  upon  the  molten 
metal.  Then,  when  the  casthig  is  taken  from  the  mold, 
the  projecting  wires  are  chipped  ofl',  and  that  remaining  in 
the  casting  is  riveted.  This  trouble  can  be,  hi  many  cases, 
saved,  by  simply  making  the  core  prhits  a  few  inches 
longer;  besides,  wherever  there  is  a  chaplet,  there  is  an 
excrescence  left  upon  the  casting.  In  the  case  of  largo 
work,  however,  the  matter  is  different,  on  account  of  the 
expense  of  making  very  long  prmts,  and  their  awkward- 
ness hi  being  handled. 

The  bend  part  of  our  pattern  may  be  either  turned  in 
the  lathe  or  pared  by  hand ;  and  sometimes  it  is  a  diflBcult 
matter  to  decide  wiiich  of  the  two  will  best  answer  the 
purpose.   To  turn  up  a  bend,  it  is  necessary  to  turn  up  a 


PIPE  BENDS,  AND  LAGGING. 


145 


ring  semicircular  in  section,  as  shown  in  Fig.  137,  and  of 
a  radius  corresponding  to  that  of  the  required  bend.  This 
ring  is  then  cut  up  into  portions  of  the  length  of  arc  re- 
quired, and  about  one  half  is  in  most  cases  left  over.  The 


advantage  of  this  method  is  the  direct  and  ready  manner 
in  which  the  required  form  is  obtained ;  whereas,  in  par- 
ing aud  shaping,  the  bending  bj  hand,  though  the  opera- 
tion be  ever  so  skillfully  i^erformed,  will  not  be  so  true 
as  if  turned.  And  when  we  consider  that  castings  only 
three  thirty-seconds  of  an  inch  in  thickness  are  sometimes 
required,  we  perceive  that  the  slightest  error  or  deviation 
from  the  true  shape  will  be  X)ercept  ible,  and  will  often  re- 
sult in  the  loss  of  a  large  proportion  of  the  castings.  For 
all  small  work,  then,  the  turning  is  of  decided  advantage ; 
but  since  such  is  not  always  the  case  with  large  work,  and 
since  the  line  must  be  drawn  somewhere,  a  correct  decision 
will  always  be  largely  influenced  by  the  facilities  afforded 


by  the  tools,  etc.,  in  the  shop.  In  the  example  shown  in 
Fig.  138,  which  is  what  is  called  a  return  bend,  the  whole 
of  a  ring,  turned  as  above  described,  would  be  appropri- 
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ated :  therefore,  there  being  no  loss  of  material,  the  method 
by  turning  will  in  this  instance  always  be  preferable. 

In  fixing  the  half  flanges  for  work  of  this  kind,  not  ex- 
ceeding six  or  seven  inches  in  size,  one  screw  passmg 
through  the  center  of  the  pattern  into  the  flange  will  be 
suCiciont.  Care  must,  however,  be  taken  to  hold  the  flange 
firmly  in  its  exact  position,  while  boring  for  and  diu-ing  the 
insertion  of  the  screw.  It  should  not  be  forgotten  to  add 
the  small  projecting  piece,  B,  shown  in  Fig.  13G,  which  lies 
in  the  center  line  of  each  arm  of  the  bend,  which  is  pro- 
vided to  enable  the  casting  to  be  conveniently  swung  in  the 
lathe. 

Before  quitting  examples  of  this  kind,  it  will  be  well  to 
once  more  direct  the  reader's  attention  to  the  core  boxes, 
so  as  to  impress  upon  him  the  important  fact  that,  where 
equal  thickness  of  metal  is  required,  the  core  box  should  be 
as  the  pattern  is.  A  round  pattern  demands  a  round  core 
box ;  the  one  is  of  equal  importance  with  the  other.  For 
example,  in  the  designing  of  a  bend,  the  required  thickness 
is  determined  by  the  amount  of  internal  stram  to  which 
the  casting  will  be  subjected.  If,  then,  we  give  a  round 
bend  and  an  oval  core  box,  we  either  make  the  bend  t>oo 
weak,  or  we  cause  the  manufacturer  to  pay  for  so  many 
pounds  of  metal  which  he  does  not  require.  In  the  case 
of  castings  so  thin  as  to  require  care  to  make  the  metal 
flow  throughout  the  mold,  an  unduly  thin  place  or  spot 
wfll  prevent  the  flow  (at  that  part)  of  the  metal,  and  thus 
spoil  a  large  i^roportion  of  the  castings. 

A  half  core  box  for  either  a  bend  or  a  T  may  be  made 
by  preparing  a  block  sufficiently  large  to  cut  out  the  whole 
recess,  as  shown  by  the  full  lines  in  Fig.  139.  In  this  case, 
after  the  block  has  been  surfaced  truly  on  one  side  and 
edge — the  graiji  of  the  wood  being  in  the  direction  denoted 
by  the  arrow — the  center  lines  are  marked  upon  it,  and  also 
upon  the  pattern.   We  then  lay  one  half  of  the  pattern 
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upon  the  block,  and  make  the  center  hues  upon  them  come 
exactly  fair  and  even ;  and  then  we  mark  upon  the  face 
of  the  block  the  outline  of  the  pattern,  core  prints  and  all. 
The  core  prints  will,  of  course,  bo  the  right  size  of  the  core  ; 
but  the  outline  marks  thus  produced  form  a  guide  to  work 
by,  and  the  distance  between  these  outline  marks  and  the 
edge  of  the  core  will  represent  the  thickness  of  metal  in 
the  finished  castiug.   A  margin  of  stuff  in  the  block  is 


required  outside  of  the  outline  marks,  so  as  to  give  the  core 
box  sufficient  strength.  We  next  trace  out  a  plan  of  the 
core,  and  then,  upon  the  ends  or  sides  of  the  block,  we  de- 
scribe semicircles  representing  the  exits  of  the  recess  to  be 
cut  out,  the  block  being  left  so  deep  as  to  leave  stuff  enough 
below  the  depth  of  the  recess  to  afford  ample  strength. 
We  may  now  proceed  to  cut  out  the  core  by  our  hand 
tools,  finishing  it  with  the  plane  shown  in  Fig.  14,  and 
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smoothing  it  with  sand-paper  wrapped  around  a  piece  of 
wood  of  a  sweep  or  curve  a  little  less  iu  radius  than  that 
of  the  core  box  recess. 

Another  method  of  getting-  out  a  core  box  for  a  bend  is 
shown  by  the  dotted  hues  in  Fig.  139 ;  and  in  this  instance 
we  make  the  core  box  in  three  pieces — the  object  bemg  to 
turn  up  the  end  i)ieces,  A  A,  in  the  lathe — the  manner  of 
]jrocedure  being  as  follows :  We  get  out  the  two  pieces 
marked  A  A,  and  square  up  the  taces  truly,  and  chuck 
them,  with  the  planed  faces  placed  togethei'  in  the  chuck 
sho^Ti  in  Figs.  oG  and  57,  taking  care  that  they  are 
chucked  so  that,  when  the  hole  is  bored  hi  them,  it  will  be 
half  in  each  piece,  or,  ui  other  words,  chucking  them  truly, 
with  the  joint  between  the  two.  We  then  pare  out  the 
curved  part  hi  the  middle  section,  and  then  glue  on  the  end 
pieces,  A  A,  A  A,  and  strengthen  the  whole  by  placing 
battens  on  the  bottom  and  sides. 

Fig.  140  represents  a  half  core  box  for  T.  In  half  core 
boxes  it  is  necessary  to  close  the  openings  in  the  ends  or 


sides  by  bradding  on  pieces  of  hght  board,  taking  care  to 
give  draught  by  paring  them  slightly  concave  at  the  top, 
and  thus  making  the  ends  of  the  core  similar  to  the  slight- 
ly rounded  ends  of  the  pattern.   When  these  pieces  are 
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omitted,  tlie  core  maker  has  to  extemporize  tliem.  When 
a  full  core  box  is  required,  as  iu  the  case  of  the  oblique  T, 
it  is  sufficient  to  marli  the  shape  of  the  core  xipon  one  half 
only  of  the  box ;  and  when  this  is  cut  out,  we  may  place 
the  two  half  boxes  together,  and  trace  the  second  half  from 
the  finished  one,  using  a  large  bent  scriber  for  the  purpose 
of  marking. 

Economy  in  timber  and  in  the  cutting  must  be  studied 
as  much  in  the  core  box  as  in  the  pattern ;  hence,  when  the 
pattern  is  of  such  a  size  as  to  render  it  economical  to  build 
it  in  pieces,  it  will  be  equally  desirable  to  build  the  core 
box  in  like  manner.  For  the  bend  itself,  however,  it  is 
scarcely  necessary  to  speak,  for  the  core  can  be  made  with 
a  simple  contrivance ;  whereas  the  building  of  a  half  box, 
though  not  offering  any  elements  of  difQculty,  demands  so 
much  labor  in  the  cutting  out,  compared  with  the  extra 
labor  devolving  upon  tbe  core  maker  employing  the  con- 
trivance referred  to,  that  such  boxes  are  for  large  work 
seldom  or  ever  constructed.  We  proceed,  therefore,  to 
describe  the  contrivance  with  which  the  core  maker  is 
usually  supplied.  It  is  applicable  to  all  sizes  where  loam 
cores  are  used ;  but  the  core  box  is  preferable  when  its  con- 
struction involves  no  great  outlay. 

Having  determined  upon  the  size  of  the  core  from  end  to 
end  of  the  prints,  we  proceed  to  make  a  pattern  from 
which  one  or  two  iron  plates  may  be  cast.  Upon  these 
plates  the  core,  in  separate  halves,  is  made  and  diied. 
The  plates  are  generally  about  f  inch  thick,  and  of  such 
a  width  as  to  leave  a  small  margin  around  the  core,  to  sup- 
port what  is  called  the  strike.  In  Fig.  141,  P  represents 
the  plate,  C  the  core,  and  S  the  strike ;  this  latter  is  cut 
from  a  piece  of  board  from  f  to  1  inch  thick,  the  semi- 
circular hole  cut  in  it  being  the  size  of  the  required  core. 
The  grain  of  the  wood  may  run  in  the  dhection  of  the  ar- 
row.  It  is  strengthened,  if  necessary,  by  the  two  battens, 
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sliown  in  Fig.  141  a,  at  B  B.  The  edges  of  the  semicircle 
are  beveled  off,  which  causes  the  strike  to  work  more 
smoothly  and  correctly  over  the  composition  forming*  the 
core. 

A  few  flat-headed  tacks  should  be  diiven  into  the  sur- 
faces of  the  strike  that  come  into  contact  with  the  iron 
plate,  so  as  to  prevent  the  wood  from  wearing  rapidly  away, 
and  thus  altering  the  shape  of  the  core,  and  causing  it  to 
be  oval.   The  core  maker  places  upon  the  iron  plate  enough 


material  to  make  the  core,  and,  taking  the  strike,  places 
it  so  that  the  edge  or  shoulder,  A,  in  Fig,  141  a,  coutact,s 
with  the  edge  of  the  j)late.  He  then  sweeps  the  strike 
over  the  material ;  the  semicircle  leaves  the  core  upon  the 
plate,  and  sweeps  off  the  surplus  material,  the  sweeping 
process  being  completed  until  the  perfect  l;alf  core  is 
formed.  In  Fig.  141  a,  P  represents  the  plate,  S  the  sweep, 
and  C  the  material  or  core,  the  figm-e  being  an  end  view, 
and  the  tacks  referred  to  being  sho^vn,  so  as  to  mark  their 
location. 

We  have  hitherto  treated  of  building  pattei  ns  of  suclU 
size  that  they  couhl  be  made  out  of  tlie  solid;  it  oftem 
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happens,  however,  that  the  pattern  maker  is  requked  to 
build  up  a  pattern  by  what  is  called  staving  or  lagging. 
As  an  example  of  this  kind  of  work,  let  it  be  required  to 
stave  up  a  pipe,  18  inches  diameter  inside,  with  1  inch 
thickness  of  metal.  We  proceed  by  taking  a  clean  board, 
and  drawing  on  it  the  line,  A  O,  in  Fig.  142  ;  and  then  we 
describe  upon  it  the  semicircle,  ABO  (forwe  wUl  suppose 
the  pattern  to  bo  made  in  halves),  of  the  required  finished 
size  of  the  pattern,  the  shrinkage  being  allowed  for.  This 
semicircle  we  divide  off  into  as  many  equal  parts  as  it  is 
intended  to  ha\  e  staves ;  and  we  next  draw  radii  from  the 
points  of  division  to  the  center  of  the  semicircle.  We  thea 


take  any  one  of  tliese  divisions  —  of  which  there  are  six 
shown  in  Fig.  142  —  and  draw  the  line,  E  F,  parallel  to  an 
imaginary  line  joining  the  points  of  division,  C  D.  The 
distance  of  the  Hue,  3^  F,  from  the  arc  is  the  amount  al- 
lowed for  the  lathe  turning  —  say  in  this  case,  i  inch.  We 
next  draw  the  line,  G  II,  parallel  to  E  F,  and  the  figure,  E 
F  G  H,  is  the  exact  size  and  form  required  for  each  stave. 
From  the  center,  Q,  we  then  describe  a  semicircle  passing 
through  the  points,  G  H,  and  cutting  each  of  the  radii; 
and  by  joining  all  these  pomts,  we  form  the  half  polygon, 
shown  by  the  whole  figure.    This  shows  the  exact  size 
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and  shape  of  the  disk  to  wliich  the  staves  are  to  be  fixed. 
In  Fig.  142,  this  whole  process  is  drawn  twice,  showing 
thick  staves  and  thin  ones ;  from  1  to  6  representing  the 
thick,  rjid  from  7  to  12  the  thin  staves,  while  13  repre- 
sents the  disk  of  wood.  The  thin  staves  are  to  form  the 
body  of  the  pipe ;  but  when  it  is  desired  to  have  the  points 
sohd  with  the  body,  we  must  use  the  thick  staves.  The 
first  procedure  is  to  prepare  the  requisite  number  of  disks, 
making  them  of  the  form  shown;  and  some  pattern 
makers  do  this  by  turning  the  disks,  and  then  flattening 
them  of£  to  form  the  sides  of  the  polygon.  But  when  a 
band  saw  is  accessible,  the  turning  is  unnecessary ;  and 
we  may  simply  draw  them  out  and  saw  almost  to  the  line, 
allowing  say  inch  for  finishing.  Each  half  disk  shoidd 
be  pegged  to  its  mate,  and  a  template,  like  the  figure 
E  F  G  H,  is  useful  in  preparing  the  staves  and  verifying 
their  sizes.  To  prepare  the  staves,  we  cut  out  with  the  rip 
saw  the  required  number  of  pieces,  a  little  wider  than 
E  F,  in  Fig.  142  ;  or  if  there  is  a  circular  saw  at  hand,  we 
use  it  in  preference,  and  it  will  save  time  to  resaw  the 
pieces,  to  give  them  the  required  bevel,  which  may  be 
done  by  canting  the  saw  table.  In  the  absence  of  any 
provision  for  canting,  we  may  fix  a  packing  piece  to  the 
table,  so  as  to  elevate  one  edge  of  the  stave.  After 
sawing,  we  plane  the  bevel  edges  to  correspond  to  the 
template,  leaving  just  a  shade  of  stuff  to  allow  for  joint- 
ing the  staves  at  a  close  fit  together. 

Having  prepared  the  staves,  we  set  up  the  pattern,  as 
follows  :  On  a  planed  board,  the  requisite  number  of  half 
disks  are  placed,  perfectly  in  line  with  each  other;  and 
the  outer  ones  must  be  at  such  a  distance  apart  as  to 
allow  for  turning  up  the  ends  of  the  staves.  The  inter- 
mediate disks,  if  any  (and  they  should  occur  about  every 
2  or  2i  feet),  are  to  be  distributed  at  equal  distances  in 
the  space  that  intervenes.    These  disks  we  then  fix  tenii- 
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porarily  to  tlie  board,  paper  being  laid  at  the  ends  of  tho 
disks  to  catch  the  surpkis  glue. 

The  staves  are  glued,  and  each  scrowed  with  one  screw- 
to  tlie  disk.    The  boring  of  the  stave  to  receive  the 
screw  should  be  performed  before  applying  the  glue,  and 
the  head  of  the  screw  should  be  well  sunk  beneath  the 
surface,  so  as  to  admit  of  a  wood  plug  being  glued  in  on 
top  of  it.   First,  a  hole  is  bored  in  the  stave,  a  little  larger 
in  size  than  the  head  of  the  screw,  and  nearly  as  deep  as 
the  screw  head  is  to  be  sunk ;  for,  in  tightening  the  screw, 
the  head  will  be  sure  to  be  driven  i  or  i  mch  deeper  than 
the  hole  is  bored— that  is,  providing  the  material  is  a  soft 
wood,  as  is  usually  the  case.   The  stave  is  now  to  be  com- 
pletely pierced  with  a  hole  just  fitting  the  plain  part  of 
the  screw.    If  it  is  larger,  the  head  of  the  screw  will  sink 
deeper ;  while,  if  it  is  smaller,  a  thread  will  be  cut  in  it  by 
the  screw,  and  it  may  prevent  the  stave  from  being  drawn 
to  its  place.    The  glue  should  be  applied  and  the  screw 
inserted  while  t  he  glue  is  hot.  It  is  best  to  jom  on  a  stave 
back  and  front ;  that  is,  at  each  end  first,  and  to  then  put 
in  the  middle  or  connectuig  stave,  thus  completing  one 
length  of  the  staves,  the  top  one  being,  preferably,  the 
first  erected.    In  putting  on  the  succeeding  staves,  each 
one  should  be  properly  jointed  to  its  fixed  neiglibor ;  a  lit- 
tle chalk  being  rubbed  on  the  fixed  stave  will  show  if  its 
fellow  bears  or  joints  properly.    When  one  half  of  the 
pattern  is  finished,  we  may  dispense  with  the  board,  using 
the  finished  half  in  its  stead,  and  taking  care  to  insert 
paper  between  the  two,  to  prevent  the  glue  from  sticking 
them  together. 

In  lagging  up  a  branch  for  a  T,  the  disk  at  one  end 
should  be  set  back  sufaciently  far  to  allow  for  the  part 
to  be  cut  away  ui  fitting  the  branch  to  the  body  of  the  T, 
as  explained  when  treating  that  subject.  This  method  of 
staving  is  that  regularly  employed  for  cylinders,  pipes, 
7* 
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rollers,  and  similar  jobs ;  and  though  sufficiently  simple 
for  straight  pieces,  it  becomes  very  complicated  when  ap- 
plied to  a  bend.  It  is  not,  therefore,  usual  to  stave  up  a 
bend,  but  to  build  it  in  the  manner  illustrated  in  Fig,  143. 


The  operation  is,  to  first  draw  the  bend  in  plan,  of  the  fuU 
size,  upon  a  board.  Let  B,  in  Fig.  143,  represent  the 
center  from  which  it  is  struck,  the  plan  in  this  case  being 
a  quarter  circle  bend,  denoted  in  Fig.  143  by  the  hne 
C  D  F,  the  line  G,  and  the  sections  of  a  circle,  H  and  J. 
We  have  decided  to  build  up  our  pattern  with  five  pieces, 
an  end  Aiew  of  the  half  pattern  behig  denoted  by  the  circle 
C  E  F,  and  five  pieces  or  layers  being  denoted  by  dottol 
hues,  so  that  by  adopting  this  method  we  show  the  plan 
and  end  view  of  the  bend  in  one  drav/ing.  It  would  be 
well  now  to  cut  out  forms,  in  card  or  in  very  thin  wood, 
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as  templates,  one  for  each  of  tlie  pieces,  marked  from  1  to 
5  respectively.  To  obtain  these  templates,  we  draw  the 
line  0  B  ;  and  from  the  center,  D,  we  describe  the  semicir- 
cle 0  E  r,  representing  the  diameter  of  the  half  bend.  We 
then  lay  off  the  tires  from  1  to  3,  as  shown  by  the  dotted 
lines ;  and  to  find  the  bends  necessary  for  each  respective 
piece,  we  proceed  as  follows :  Setting  our  compasses  at  a 
distance  equal  to  that  between  the  center  from  which  our 
bend  is  struck  (B  in  Fig.  143)  and  the  extreme  outside  of 
the  inece  marked  1,  we  draw  the  quarter  circle  denoted  by 
the  dotted  luic,  K.  Then  settmg  our  compasses  from  D  to 
the  inside  of  piece  1,  we  draw  from  the  center,  D,  the 
quarter  circle  denoted  by  the  dotted  line,  L.  The  space 
included  between  those  quarter  circles,  and  denoted  by 
I T,  is  the  sweep  for  the  piece  1 ;  and  we  may  cut  it  out  for 
use  as  a  temi)late  wherefrom  to  mark  out  piece  1.  By  set- 
ting the  compasses  in  like  manner  for  each  respective  piece, 
2,  3,  4,  and  5,  we  obtain  the  templates,  2  T  to  5  T,  respec- 
tively, for  use  in  markmg  out  the  pieces  upon  the  board 
from  which  they  are  to  be  sawn.  In  building  the  pieces 
up,  we  lay  those  forming  the  lower  tier  on  the  plan  i)revi- 
ously  drawn  out  on  the  piece  of  board,  putting  them  a 
little  outside  the  lines,  to  allow  for  finishing.  We  then 
temporarily  fix  them  in  that  position  —  the  faces  being,  of 
course,  planed  up.  We  now  glue  on  the  next  tier.  It  is 
well,  however,  to  have  a  semichcle  made  of  a  piece  of  thin 
wood,  and  of  the  size  of  that  shown  in  Fig.  143,  by  0  E  F, 
which  we  may  place  upright  against  the  ends  of  the  first 
tier,  as  a  guide  in  adjusting  the  x>osition  of  the  second  and 
succeeding  tiers.  The  number  of  tires  is  discretionary ; 
but  it  is  to  have  the  top  piece  comparatively  thick,  so 
that  it  shall  not  be  liable  to  curl,  as  it  would  be  apt  to  do, 
if  the  turning  left  it  thin.  If  the  joints  of  the  tiers  are 
well  surfaced  and  well  glued,  neither  nails  nor  screws  will 
be  needed.   It  is  not  compulsory  to  make  each  layer  a 
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continuous  piece,  and  it  will  save  stuff  to  make  every  al- 
ternate laj  er  of  two  pieces ;  but  the  bottonl  and  the  top 
layers  are  better,  if  each  be  made  in  one  piece. 

It  will  be  observed  that  this  staving  up  a  bend  is  both 
laborious  and  wasteful;  yet  there  are  cases  in  which  it 
becomes  imperatively  necessary  to  make  it  in  this  manner. 
A  very  common  job  of  this  kmd  is  lagging  up  a  steam 
pipe,  such  as  shown  in  Fig.  144.  The  pipe  is  usually  cov- 
ered with  felt  or  some  other  non-conducting  material,  and 


covered  round  with  mahogany  or  walnut.  Now,  it  would 
be  very  unsightly  to  have  the  joints  in  the  bend  out  of  line 
with  those  on  the  straight  part  of  the  pipes.  A  hollow 
bend  of  wood  has,  therefore,  to  be  constructed,  having  in 
it  the  same  number  of  staves  as  there  are  for  the  straight 
pipe.  To  get  out  the  pieces  for  such  a  bend,  we  proceed 
as  illustrated  in  Fig.  145,  in  which  there  are  shown  G 
sections  or  staves,  the  semicircle  G  H  representing  the 
required  inside  diameter  of  the  bend ;  while  the  semicir- 
cle A  E  represents  the  required  outer  diameter.  W© 
then  divide  off  one  of  the  semicircles  into  the  required 
number  of  divisions ;  and  we  draw  radii,  and  then  form 
rectangles  around  each  division  or  space  representing  a 
stave,  as  shown  by  dotted  lines  in  Fig.  145  at  2,  3,  and 
6.  The  method  pursued  in  getting  out  these  staves  is 
precisely  similar  to  that  pursued  in  building  up  in  ouir 
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last  example.  In  tliis  case,  however,  as  each  stave  is 
fitted  to  its  fellow,  it  should  be  held  to  its  place  by 
dowels — that  is,  small  pins  of  wire  placed  at  frequent  inter- 
vals— which  will  serve  instead  of  glue,  which  would  not 
answer,  by  reason  of  the  heat  from  the  steam  pipe.  The 
disks  upon  which  the  bend  is  built,  and  of  which  there, 
should  be  at  least  three,  are  merely  temporary;  and 
therefore  the  staves  are  not  to  be  fastened  to  them,i 


exceijt  for  convenience,  so  as  to  keep  them  in  position. 
For  this  i)urpose,  a  piece  of  paper,  with  a  little  hot  glue 
on  each  side,  should  be  placed  between  the  stave  and 
the  disk ;  it  will  make  a  fastening  sufficiently  strong,  if 
a  little  i)ressure  be  applied  during  the  drying.  Neither 
nails,  screws,  nor  staples,  are  admissible  on  this  kind  of 
job,  as  they  would  mar  the  appearance  of  the  work 
when  finished  and  polished.  The  two  halves  of  the  bend 
being  completed,  they  are  made  to  go  together  with 
loose  pegs — that  is  to  say,  pegs  that  do  not  fit  the 
holes  tightly,  as  the  dowels  do.  The  halves  should  be 
held  together  by  polished  brass  or  plated  bands;  and 
the  neatness  of  the  finished  appearance  will  amply  repay 
the  cost  and  the  trouble,  for  the  polished  wood  forms 
a  pleasing  contrast  to  the  contents  of  an  engine  room, 
where  almost  everything  the  eye  can  rest  on  is  iroa. 


CHAPTEE  IX. 


EXAMPLES  IN  GLOBE  VALTES. 

In  Fig.  14G,  we  Lave  for  an  example  a  common  globe 
Talve,  shown  partly  in  section  and  witk  a  gas  thread  cut 


in  the  openings.  The  flanges  vary  m  shape ;  but,  as  a  rale, 
small  valves  are  provided  with  hexagons,  and  large  ones 
with  round  flanges  suitable  for  bolting  to  similar  flanges 
to  make  joints.  For  small  valves,  say  up  to  2  inches,  the 
pattern  is  usually  made  with  the  hex- 
agons cut  out  of  the  solid,  but  for 
sizes  above  that,  they  should  be  made 
in  separate  pieces,  as  shown  in  Fig, 
147,  and  screwed  to  the  pattern,  so 
that  in  case  of  necessity  they  may  be 
removed,  and  flanges  substituted  ia 
their  stead.  In  Fig.  148  we  have  a  perspective  view  of 
the  finished  pattern  j  and  Fig.  149  represents  the  pattera 
as  prepared,  ready  to  receive  a  flange  or  hexagon  as  may- 
be xeqmred.    A  globe  valve  pattern  should  be  made  in 
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halves,  as  sTiown  iu  Fig.  150,  the  parting  line  of  the  two 
halves  being  denoted  by  A  B.  To  make  this  pattern, 
we  first  i^repare  two  pieces  of  wood  so  large  that,  when 


pegged  together,  the  ball  or  body  of  the  pattern  can  be 
turned  out  of  them,  and  long  enough  not  only  to  reach  from 
P  to  P,  in  Fig.  149,  but  also  to  allow  an  excess  by  means 
of  which  the  two  pieces  may  be  glued  or  otherwise  fixed 
together.  These  two  pieces  we  plane  to  an  equal  thick- 
ness, and  then  peg  them  to  retain  tliem  in  a  fixed  position, 
taking  care,  however,  that  the  pegs  do  not  occur  wLere 
the  screws  to  hold  the  flanges  will  require  to  be.  We  also 
place  two  pegs  within  a  short  distance  of  what  will  be  the 
ends  of  the  pattern  when  the  excess  in  length  referred  to 
is  turned  off.  We  next  prepare,  in  the  same  way,  two 
more  pieces,  to  form  the  two  halves  of  the  branch,  shown 
at  B,  in  Fig.  150,  for  which,  however,  one  peg  only  will  be 
necessary.  These  pieces  must  be  somewhat  wider  than 
the  size  of  the  required  hexagon  across  the  corners — that 
is,  supposing  the  hexagon  is  to  be  solid  with  the  branch — 
otherwise  we  must  make  them  a  little  wider  than  the 
diameter  of  the  hub  of  the  flange  or  of  the  round  part  of 
the  hexagonal  pieces.    Their  lengths  must  be  such  as  to 
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afford  a  good  portion  to  be  let  into  the  ball  or  body  of  tbe 
pattern  (as  shown  by  the  dotted  lines  in  Fig.  149),  which 
is  necessary  to  give  sufficient  strength.   The  two  pieces 

must  be  firmly  fixed 
together,  and  then 
turned  in  the  lathe. 

During  the  early 
stages  of  the  turning, 
or,  in  other  words, 
during  the  roughing 
out,  we  must  occa- 
sionally stop  the  lathe 
and  examine  the  flat 
places  on  the  body; 
for  unless  these  places 
disappear  eveidy,  the 
work  is  not  true,  and 
one  half  will  be  thick- 
er than  the  other,  so 
that  the  joint  of  the 
pattern  will  not  be  in 
the  middle.  It  was  to  insure  this,  that  the  pieces  were 
directed  to  be  planed  of  equal  thickness,  since,  if  such 
is  the  case,  and 


 1 

p 

the  flat  sides  dis- 
appear equally 
and  simultaneous- 
ly during  the  turn- 
ing, the  joint  or 
parting  of  the  pat- 
tern is  sure  to  be 
central.  If  the 
lathe  centers  are 
not  exactly  true  in  the  joint  of  the  two  i>ieces,  they  miay 
be  made  so  by  tapping  the  work  on  the  side  having  the 
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narrowest  flat  place,  the  proijess  being  continued,  and  tbo 
work  being  trued  with  the  turning  tool  at  each  trial,  until 
the  flat  places  become  equal.  By  this  means  we  insure, 
without  much  trouble,  two  exact  halves  in  the  pattern, 
which  is  very  important  in  a  globe  valve  pattern,  on  ac- 
count of  the  branches  and  other  parts,  not  to  mention  the 
molding.  Having  turned  the  body  of  the  pattern  to  the 
requisite  outhne,  and  made  while  in  the  lathe  a  fine  line 
around  the  center  of  the  ball  where  the  center  of  the  branch 
is  to  come,  as  shown  in  Fig.  149,  by  the  hue  A,  we  make  a 
prick  point  (with  a  scriber)  at  each  crossing  of  the  line  A 
and  the  joint  or  parting  of  the  pattern.  We  then  mount  the 
body  upon  a  lathe  chuck,  in  the  manner  shown  in  Fig  151. 
A  point  center  should 
be  placed  in  the  lathe, 
and  should  come  exact- 
ly even  with  the  line 
A.  In  Fig.  151,  V  V 
are  two  V  blocks  made 
to  receive  the  core 
prints.  These  V's  are 
screwed  to  the  lathe 
chuck,  and  the  pattern 
is  held  to  them  by  two 
thin  straps  of  iron 
placed  over  the  core 
prints  and  fastened  to 
the  V's  by  screws.  If 
the  chuck  and  center 
point  run  true,  the  V 
blocks  are  of  equal 
height,  and  the  core 
prints  are  equal  in  diameter,  the  prick  point  opposite  to 
the  one  placed  to  the  center  point  will  run  quite  true ; 
and  we  may  face  off  the  ball  or  body  to  the  required  dia- 
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meter  of  branch,  and  bore  the  recess  to  receive  the  same 
We  make  the  holes  in  the  flanges  of  the  same  size  as  the 
core  prints  J  but  we  should  not  check  in  the  print,  because 
It  a  flange  with  a  difl-erent  length  of  hub  were  substituted' 
it  would  be  a  disadvantage.  To  obtain  the  half  flanges' 
we  take  a  chuck  and  face  it  off  true  in  the  lathe;  then' 
with  a  fine  scriber  point,  we  mark  the  center  while  the 
chuck  is  revolving.  We  then  stop  the  lathe,  and  placing 
a  straight-edge  to  intersect  the  chuck  center,  we  draw  a 
straight  line  across  the  chuck  face.  We  then  take  two 
pieces  suitable  for  the  half  flanges,  and  plane  up  one  flat 
side  and  one  edge  of  eacli  piece.  If  the  flanges  are  not 
large  ones,  they  may  be  planed  all  at  once  in  a  long  strip. 
We  place  the  i)ieces  in  pairs,  and  mark  on  each  pair  a  cir- 
cle a  little  larger  than  the  required  finished  size  of  flange. 
We  then  fix  each  pair  to  the  chuck,  with  the  planed  faces 
against  the  chuck,  and  the  planed  edges  placed  in  con- 
tact, their  joint  coming  exactly  even  with  the  straight 
line  marked  on  the  chuck  face,  and  we  may  then  turn 
them  as  though  they  were  made  in  one  piece  and  to  the 
requisite  size. 

In  Fig.  152,  we  have  a  representation  of  one  half  of  a 


suitable  <;ore  box,  the  other  half  being  exactly  the  same, 
with  the  exception  that  the  position  of  the  internal  parti- 
tion is  reversed.   To  get  out  this  core  box,  we  plane  up 
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two  pieces  of  exactly  the  same  size  and  leni^h  as  the  pat- 
tern, and  of  such  width  and  thickness  as  will  give  suflfi- 
cieut  strength  around  the  sphere,  allowing  space  for  the 
third  opening.  After  pegging  these  two  pieces  together, 
we  gage,  on  the  joint  face  of  each,  lines  representing  the 
centers  of  the  openings  and  the  center  of  the  sphere.  We 
then  chuck  them  (separately)  in  the  lathe,  and  turn  out 
the  half  sphere.  We  next  place  the  two  hah  es  together, 
and  chuck  the  block  so  formed  in  the  three  positions  ne- 
cessary to  bore  out  the  openings ;  or,  if  preferred,  we  may 
pare  them  out.  The  partition  (A,  in  Fig.  152)  follows  the 
roundness  of  the  center  hole,  and  is  on  that  account  more 
difficult  to  extract  from  the  core,  than  if  it  were  straight 
and  vertical.  When,  however,  the  partitions  are  of  this 
curved  form,  the  pieces  of  which  they  are  formed  are  com- 
posed of  metal,  brass  being  generally  i)referred.  Patterns 
have  in  this  case  to  be  made,  wherefrom  to  cast  these 
pieces,  and  they  may  be  made  as  follows  :  First,  two  half 
pieces,  such  as  shown  in  Fig.  153,  are  turned ;  each  is  then 
cut  away  so  as  to  leave  the 
shape  as  shown  at  C,  in 
the  same  figure,  and  is 
then  fitted  into  tlie  spheri- 
cal recess  in  the  core  box, 
letting  each  down  until 
both  are  nearly  but  not 
quite  level.  The  two 
pieces,  A  and  B,  in  Fig. 
153,  are  then  fastened  on, 
and  this  pattern  is  com- 
plete. Wlicn  the  pieces 
are  cast,  thej^  must  be  filed 
to  fit  the  core  box,  and  finished  off  level  with  its  joint  face, 
a  small  hole  being  drilled  in  the  center,  and  a  pin  being 
driven  through  the  piece  and  into  the  box,  to  steady  the 
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corners.  We  then  saw  the  pieces  in  halves  with  a  very 
fine  saw. 

If  the  partition,  instead  of  following  the  roundness  of 
the  valve  seat,  is  made  straight,  the  construction  of  the 
core  box  is  much  more  simple.  In  this  case,  a  zigzag  mor- 
tise is  made  clear  through  each  half  of  the  box,  its  size  and 
shape  being  that  of  the  required  partition.  Fig.  154  repre- 
sents a  half  core  box  of  this  khid. 
A  piece  of  wood.  A,  is  fixed  as 
shown  to  the  partition,  to  en- 
able the  core  maker  to  draw  it 
out  before  removing  the  core 
from  the  box.  The  mortise  for 
the  partition  should  be  turned 
out  before  the  half  spherical  re- 
cess— the  mortise  being  temporarily  plugged  with  wood, 
to  render  easy  the  operation  of  turning. 

In  very  large  valves  (say  10  or  12  mches)  a  half  core  box 
is  generally  made  to  serve,  by  fitting  the  two  half  i>arti- 
tions,  shown  at  0,  in  Fig.  153,  to  a  half  core  box,  and 
keeping  them,  in  position  by  means  of  pegs ;  a  half  core  be- 
ing made  first  with  one,  and  then 
one  with  the  other  in  the  core  box.  FM/SS. 
It  is  often  necessary  to  form  a 
raised  seat  in  the  body  of  an 
angle  valve,  such  as  shown  in 
Fig.  155,  which  represents  a 
section  of  such  a  body.  It  is 
shown  with  flanged  openings, 
though  in  small  valves  hexagons, 
to  receive  a  wrench,  would  be 
substituted. 

Fig.  15G  is  a  plan  of  half  the  core  box  necessary  for 
formhig  the  raised  seat.  From  this  construction  it  will  be 
seen  that  the  large  core,  though  solid  with  the  branch 
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core,  is  not  solid  witli  tliat  forming  the  hole  in  the  seat 
and  the  part  below  itj  therefore  the  core  prints  on  the 
body  pattern  must  be  left 
extra  long,  to  give  suffi- 
cient support  in  the  mold 
for  the  overhanging  cores. 
The  loose  round  plug,  P, 
is  made  of  the  size  of  the 
outside  of  the  seat,  and 
fitted  to  the  box.  The 
part  outside  the  box  is  a 
roughly  shaped  handle  to 
draw  it  out  by.  The  di- 
minished part,  D,  is  a 
print,  and  into  the  im- 
pression left  by  it  is  in- 
serted the  core  made  in 
box,  shown  in  Fig.  157. 
The  prmt,  D,  is  of  the  same  diameter  as  the  hole  in  the 
seat ;  and  the  print  on  the  pattern 
is  of  the  size  of  the  increased  di- 
ameter below  the  seat.  Large  an- 
gle valves  are  made  with  half  a 
core  box,  by  making  a  branch  open- 
ing in  the  box  right  and  left,  a  semi- 
circular  plug  bein g  provided.  Two  half  cores  are  made  with 
the  plug,  first  in  one  and  then  in  the  other  branch  open- 
ing.  The  plug,  P,  should  be  in  this  case  only  half  round. 


CHAPTER  X 


JOmTS,  AND  EXAjVIPLES  IN  BENCn  WOEK!. 

Turning  now  for  a  space  from  examples  requiring  so 
much  latlie  work,  we  come  to  deal  more  particularly  mth 
the  bench,  and  the  devices  and  operations  connected  with 
it. 

A  good  bench  is  a  great  assistance  to  a  pattern  maker. 
It  should  be  perfectly  true  on  its  upper  surface,  which  is 
best  made  of  hard  wood,  and  covered  Avith  a  coat  of  varnish 
to  prevent  dust  or  dripi)ings  of  glue  from  adhering  to  it, 
so  that  it  is  always  cleanly  in  appearance.  The  vise,  when 
screwed  close  to  tlie  bench,  should  come  level  with  its  top, 
and  the  butt  or  stop  for  work  to  press  against,  should  be 
so  constructed  that  its  height  maybe  readily  altered,  as 
this  will  have  to  be  done  perhaps  fifty  times  a  day.  In 
the  absence  of  a  well  contrived  mechanical  stop,  which 
always  admits  of  re-adjustment  without  stooping,  I  should 
recommend  a  stop  of  wood  made  by  placing  two  wedges 

together,  as  shomi  at  A  and  B, 
Fig.  158.  A  pin  is  fixed  tightly 
in  the  wedge  A,  which  slides 
in  a  groove,  in  B,  for  a  short  dis- 
tance ;  this  prevents  the  wedges 
from  falling  apart  when  loos- 
ened. A  light  tap  on  B  loosens, 
and  one  on  A  tightens  the  stop. 
The  ordinary  contrivances  used 
at  the  bench,  in  addition  to  the- 
workman's  tools,  are  theshootmg  board  (already  described), 
the  mitre  box,  and  the  bench  hook.  The  mitre  box  is  a. 
contrivance  to  enable  a  workman  to  saw  moldings,  pipe 
patterns,  etc.,  to  an  angle  of  45°.    It  is  simply  a  trou,":h 
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with  saw  cuts  made  at  the  required  angle.  The  stuff  to 
be  cut  is  laid  in  the  trough  aud  ijressed  to  one  of  its  sides, 
the  saw  being  guided  by  the  saw  cut.  The  bench  hook 
is  a  piece  of  wood  sawn  to  the  shape  shown  in  Fig.  y^j, 


and  is  used  as  a  butt ;  for  timber,  in  cross-cutting  work, 
should  not  be  sawn  directly  on  the  bench. 

Figs.  160,  101,  and  162,  are  illustrations  of  different 
methods  of  jointing  pieces  of  wood  together  so  as  to  form 
a  square  or  any  angle.  Fig.  IGO 
represents  a  tenon  and  mortise  joint, 
made  as  follows :  The  two  pieces,  A 
and  B,  having  been  planed  or  other- 
wise made  to  size  as  required,  are 
marked  for  the  position  and  length 
of  tlie  mortise  in  one  case,  and  for 
tbe  length  of  the  tenon  in  the  other ; 
both  pieces  are  now  gaged  with  a 
mortise  gage,  both  being  marked 
alike ;  and  then  from  the  face  side  ^- 
we  mark  a  tenon  or  mortise  of  the  size  required,  which  is 
generally  a  third  of  the  thickness  of  the  stuff.  Where  the 
mortise  approaches  the  end  of  the  piece,  a  provision  has 
to  be  made  to  insure  strength,  by  adding  the  extension 
denoted  in  Fig.  ICO  by  the  dotted  lines.  This  practice, 
however,  though  often  adopted  in  carpentry,  is  rarely  ad- 
missible in  pattern  work  j  and  in  its  stead,  the  tenon,  or 
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the  piece  B,  is  diminislied  in  width,  as  shown  in  Fig.  163, 
the  mortise  being  made  to  correspond.  In  order  to 
avoid  breakage  during  the  cutting  of  the  mortise,  the 
piece  A,  Fig.  160,  is  got  out  an  inch 
or  two  longer,  which  excess  is  sawn 
off  after  the  glue  is  dry.  An  excess 
of  i  to  1  an  inch  should  also  be 
allowed  on  the  tenon,  as  it  is  ne- 
cessary to  chamfer  off  the  corners  of 
the  tenon,  so  that  in  driving  it  may 
not  damage  the  mortise.  To  prevent 
the  tenon  from,  in  time,  working 
out,  the  mortise  is  slightly  tapered — 
that  is,  made  wider  on  the  side  remote  from  the  piece 
carrying  the  tenon.  Then  the  tenon  is  provided  with 
two  saw  cuts,  one  on  each  side, 
near  the  edge;  and  after  being 
driven  home,  wedges  are  driven 
into  these  cuts,  thus  locking  the 
joint.  A  joint,  more  commonly  in 
use  among  i^atteru  makers,  is  the 
half  lap,  shown  in  Fig.  101, 
which  has  been  ah-eady  described. 
When  this  joint  occurs  away 
from  the  end  of  the  pieces,  the 
mortise  need  not 


and  should  not,  extend  through  the 
piece.  This  joint,  besides  being  glued, 
may  be  fastened  with  screws,  or  if 
very  thin,  riveted  with  short  pieces  of 
lead  wire. 
A  very  superior  method  of  jointing 
is  the  dovetail,  shown  in  Fig.  104,  which  is  serviceable  for 
connecting  the  ends  and  sides  of  a  box,  or  any  article  in 
that  form.  The  strength  of  the  corner  formed  in  this  way 
is  only  limited  by  that  of  the  material  itself;  therefore,  it 
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Bhould  be  preferred,  when  available,  in  making  standard 
patterns,  or  for  work  too  thin  to  admit  naUs  or  screws. 
The  corner  formed  by  this  joint 
is  not  limited  to  90°  or  square, 
so  called,  but  may  form  any 
angle.  Nor  is  it  imperative 
that  the  sides  or  ends  of  the 
box  or  other  article  be  ijarallel. 
They  may  inchne  towards  one 
another  like  a  pyramid  ;  a  mill 
hopper  is  a  famihar  example  of 
this.  If  it  be  required  to  dove- 
tail a  box  together,  get  out  four 
pieces  for  the  sides  and  ends, 
to  be  of  the  full  length  and  width  of  the  box  outside, 
respectively.  They  are  to  be  planed  all  over,  not  omitting 
the  ends.  The  gage,  that  is  already  set  to  the  thickness  of 
the  stuff,  must  now  be  run  along  the  ends,  marking  a  line 
on  both  sides  of  each  piece.  Then  mark  and  cut  out  the 
pins  as  on  the  piece  A ;  the  dovetail  openings,  in  B,  are 
traced  from  the  pins  in  A.  The  pieces,  having  been  tried 
and  found  to  go  together,  are  finally  brought  into  contact 
and  held  in  their  places  with  glue. 

Fig.  1G2  is  a  mitre  joint — the  only  one  serviceable  to 
moldings,  pipes,  and  other  curved  pieces.  It  is  not  a 
strong  form  of  joint,  and  is  only  used  where  the  preceding 
kinds  are  inapplicable.  It  is  made  with  glue,  the  pieces 
having  been  previously  sized ;  and  as  an  additional  pre- 
caution, if  the  work  will  admit,  nails,  brads,  or  screws,  are 
inserted  at  right  angles  to  one  another. 

In  Fig.  H  is  shown  a  mitre  box  exceedingly  useful  as  a 
shop  fixture,  but  of  course,  being  made  of  iron,  it  is  not 
intended  to  form  a  part  of  ajourneyman  pattern  maker's 
kit  of  tools,  but  rather  from  its  superiority  to  dispense 
with  the  necessity  for  the  same.  The  saw  blade  is  guided 
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by  the  rolls  shown  upon  the  upright  spindles,  and  leaden 
rolk  below  regulate  the  depth  to  which  the  saw  will  cut, 


and  thus  preserve  the  saw  teeth  from  contact  with  the 
iron  frame. 

This  mitre  box  can  be  used  Avith  a  back  saw  or  a 
panel  saw  equally  well.  If  a  back  saw  is  used,  both 
Imks  which  connect  the  rollers,  or  guides,  are  left  in  the 
upper  grooves,  and  the  back  of  the  saw  is  passed  through 
under  the  links.  If  a  panel  saw  is  used,  the  huk  which 
connects  the  rollers  on  the  back  spindle  is  changed  to  the 
lower  groove ;  and  then  the  blade  of  the  saw  will  be  stiffly 
supported  by  both  sets  of  rollers,  and  be  made  to  serve  as 
well  as  a  back  saw. 

As  an  example,  to  make  the  pattern  for  a  pillow  block, 
as  shown  in  Fig.  1G5.  This  pattern  will  be  more  easily 
molded  with  the  base  up ;  that  is  to  say,  it  will  lie  in  the 
sand  in  the  reverse  position  to  v/hat  it  is  drawn  in  Fig.  1G5. 
Prints  will  be  required  for  the  bolt  holes,  square  prints  for 
the  recesses  in  the  block  intended  to  be  cored  out  to  receive 
the  heads  of  the  cap  bolts,  round  prints  on  the  tops  of 
the  cheeks,  and  oval  prmts  on  the  base.  We  first  plane 
a  piece  for  the  base,  B  B,  to  the  correct  size,  allowing 
yL  inch  to  the  foot  for  the  contraction  of  the  castuig  in 
cooUug.   We  next  draw  center  Imes  upon  it  on  both  sides. 
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It  must  now  be  observed  tliat  a  hollow  or  filleted  comer 
appears  where  the  cheeks  of  the  block  meet  the  base ;  and 

further,  that  the  recess 


in  the  block  to  receive 
the  brasses  is  drawn  to 
a  depth  coinciding  with 
the  height  of  the  hollow 
or  fillet.  It  will  be 
advisable,  therefore, 
to  prepare  a  piece  of 
the  length  from  Gto  0, 
and  to  shape  the  ends 
to  the  outline  of  the 
cheeks,  and,  forming  in 
this  piece  all  the  fillet, 
the  cheeks  may  next 
be  prepared  of  a  thick- 
ness from  the  line  A 
to  D.  These  must  be  strongly  fastened,  and  are  best 
mortised  clear  through  the  base,  and  glued  fast.  Two 
semicircular  pieces  must  be  turned  for  tlie  portions  out- 
side the  lines  A  A,  and  three-cornered  pieces  must  be 
fitted  in  the  square  recess,  to  make  it  octagonal  as 
required.  Nothing  now  remains  but  to  attach  the  core 
prints,  and  make  a  suitable  core  box.  A  half  box  will 
suffice  for  the  cap  bolt-holes,  and  a  whole  one  for  the 
holes  in  the  base,  as  the  cores  for  these  latter  will  stand 
on  end.  To  make  the  cap,  we  take  a  piece  of  timber  large 
enough  to  make  that  portion  of  the  cap  that  is  above  the 
line  C  0 ;  and  we  line  or  mark  out  the  form  of  the  cap  on 
both  sides  (using  a  center  line  to  make  the  two  sides  cor- 
respond), and  pare  away  the  surplus  wood  down  to  the 
lines.  The  pieces  below  the  line  0  0  are  to  be  afterwards 
glued  and  nailed  on.  It  is  advisable  to  cut  out  a  recess  in 
tJie  top  of  the  cap,  as  shown  in  Fig.  IGO,  at  A  B,  to  afford 
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convenience  to  tlie  macliinist  in  using  the  wrench  upon 
the  nuts.  Fig.  1G7  is  a  sectional  view  of  a  pattern  for  the 
brasses ;  and  this  pattern  requires  great  care  in  its  making, 
for  the  following  reasons :  Brasses  of  this  kind,  and  of  a 
size  not  larger  than  is  required  for  a  journal  about  ten 
inches  in  diameter,  can  be  fitted  in  much  quicker  by  chip- 
ping and  filing  than  by  any  other  method  ;  and  in  any 
event,  a  great  deal  of  labor  and  metal  can  be  saved  by 
constructing  the  pattern  of  the  necessary  shape.  Since, 
however,  to  give  the  required  shape  without  the  reasons 
therefor,  would  not  convince  the  reader  of  the  correctness 


of  the  method,  I  will  fully  explain  the  two.  It  has  been 
stated  in  former  remarks  that  brass  castings  are  smaller 
than  the  patterns  from  which  they  are  cast,  by  an  amount 
of  A  inch  per  foot,  which  is  due  to  the  contraction  of  the 
metal  in  cooling.  ISTow,  in  addition  to  this  contraction, 
the  casting  of  a  brass  also  contracts  across  the  bore.  Sup- 
I)Ose,  for  exami)le,  that,  in  Fig.  IGG,  A  A  represents  a  loco- 
motive axle  box,  and  that  B  represents  the  brass  for  the 
same,  the  two  being  shown  in  section,  while  C  represents 
tlie  casting  for  the  brass.  Beginning,  then,  with  the  cast- 
ing, C,  wc  have  the  following  considerations:  The  diameter 
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of  the  brass  across  D  will  be  less  than  ft  should  be,  because 
such  castings  always  close  in  that  direction  more  than  is 
due  to  the  contraction  in  cooUng.  As  a  consequence  of 
this,  the  top  of  the  bevels,  as  denoted  by  the  dotted  line, 
E,  becomes  less  than  it  should  be ;  and  when  the  brass  is 
fitted  on  the  sides,  and  let  down  in  the  box  ready  to  fit  on 
the  crown  and  on  the  bevels,  the  bottom  of  the  brass  will 
bed,  and  the  bevels  will  not,  as  shown  in  the  illustration. 
Now  supposing  the  angles  to  be  at  the  top  of  an  inch 
from  the  bevels  of  the  box,  then  it  will  require  about  i  of  an 
inch  to  be  taken  off  the  bottom  of  the  brass  to  let  the  sides 
come  to  a  fit ;  whereas  if,  when  the  bevels  of  the  brass 
contact  with  the  bevels  of  the  box,  the  bottom  of  the  brass 
were  f  inch  from  the  bottom  of  the  box,  Jg  inch  taken  off 
the  bevels  would  let  the  bottom  come  home.  It  is  then 
easy  to  see  that  the  pattern  maker  should  make  the  pat- 
tern  so  as  to  allow  for  the  shrinkage  across  D,  and  at  the 
same  time  insure  that  the  bevels  of  the  brass  shall  contact 
with  the  box  before  the  bottom  does.  Then,  by  the  time 
that  the  machinist  has  taken  sufficient  off  the  bevels  of 
the  brass  to  fit  them  to  the  bevels  of  the  box,  the  crown 
will  come  home ;  and  the  best  way  to  insure  this  is  to 
make  the  bevels  of  the  brass  of  the  same  shape  as  those 
in  the  box,  and  then  take  a  certain  amount  off  the  crown 
face  of  the  brass  (G,  in  Fig.  IGC).  What  this  amount 
should  be,  depends  upon  the  angle  of  the  bevels.  For  bevels 
of  45°  the  proportions  should  be,  for  brasses  of  two  and 
less  inches  bore,  a  full  ^  inch ;  for  brasses  having  a  bore 
of  from  two  to  four  inches,  inch  will  answer ;  while,  if 
the  bore  is  from  four  to  seven  inches  diameter,  i  inch  will 
be  a  good  proportion.  If,  however,  the  bevel  is  greater, 
these  proportions  may  be  increased.  This  is  an  important 
matter,  and  should  never  be  overlooked  or  neglected,  since 
it  reduces  the  labor  of  fitting  the  brasses  by  at  least  one 
half. 
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The  method  to  be  pursued  to  make  the  pattern  for  the 
braaS;  is  as  follows :  Take  a  piece  of  wood  of  sufficient  size 
to  form  the  body  of  the  brass,  and  make  it  of  the  necessary 
size  and  form,  observing  the  direction  above  given  as  to 
the  bevels ;  and  make  the  flanges  by  turning  the  two  halves 
in  one,  as  explained  in  a  previous  exami)le,  omitting  to 
turn  out  the  inside,  as  this  would  effect  no  saving,  and 
such  boring  would  weaken  the  flange,  and  render  it  liable 
to  split  in  attaching  it  to  the  body  of  the  pattern.  To 
fasten  the  flanges,  glue  them  on ;  and  when  dry  insert 
brads,  setting  the  flanges  by  lines.  Then  pare  out  the 
flange  even  with  the  bore  of  the  brass.  In  many  cases 
brasses  are  dispensed  with,  and  Babbitt  metal  is  employed 
in  their  stead.  The  requisite  form  of  casting  for  this  pur- 
pose is  shown  in  Fig.  1G7,  the  Babbitt  metal  being  con- 


tained within  the  thin  ridges  which  extend  all  around  the 
edges  of  the  half  circular  bearing.  In  addition  to  this, 
however,  the  machinist  sometimes  drills  small  holes  in  the 
cavity  for  the  Babbitt  metal.  The  ridges  are  cast  solid 
with  the  box,  and  the  two  at  the  end  (D  and  E,  in  Fig,  1G7) 
make  no  difference  to  the  molding,  since  they  will  leave 
the  sand  readily  and  easily.  But  the  ridges  or  strips  that 
extend  lengthwise  of  the  bearing,  must  be  made  detachable 
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from  the  pattern,  tlie  strips  referred  to  being  held  in  posi- 
tion by  the  dovetails  shown  at  0.  The  recesses  to  receive 
the  dovetails  are  first  cut  out,  and  the  dovetails  are  made 
to  a  neat  fit  therein.  Then  we  take  the  strips  required  to 
form  the  ridges,  and  having  just  spotted  tlie  faces  of  the 
dovetails  with  glue,  while  they  are  in  their  places,  we  press 
the  strips  against  them  for  a  moment,  and  adjust  the  strips 
and  leave  them  in  position  for  the  glue  to  dry.  By  this 
means  the  dovetails  are  fastened  to  the  strips  exactly  in 
the  required  position.  When  dry,  the  strips  with  the  at- 
tached dovetails  may  be  withdrawn  from  the  i)attern,  and 
should  then  be  more  securely  fastened  together  by  the  addi- 
tion of  screws  or  nails.  In  many  cases,  wires  are  employed 
in  place  of  the  dovetails ;  they  being  inserted,  as  shown 
in  Fig.  167,  at  F ;  and  when  they  are  used,  it  becomes  a 
consideration  whether  the  molder  can  conveniently  extract 
them.  If  he  can,  they  are  preferable  to  the  dovetails,  as 
these  latter  are  sometimes  apt  to  stick. 

Bearings  of  this  cIitss  (Babbitt  metal)  are  often  formed 
in  the  framework  of  a  machine,  or  in  other  i)atterns  that 
do  not  permit  of  being  molded  in  the  direction  suitable  ior 
the  above  example.  Fig.  1G8  represents  such  an  example, 
■which  requires  to  be  molded 
in  the  direction  denoted  by 
the  arrow.  It  will  be  advis- 
able to  core  out  the  whole 
space  for  the  cap  and  bear- 
ing, the  core  box  in  this  case 
being  fitted  with  the  strips 
in  a  manner  similar  to  that 
above  described  for  the 
Babbitted  pillow  block.  The 
l^attern  in  this  case  is  made 
as  shown  in  Fig.  109,  the  space  for  the  bearing  being 
blocked  up,  and  the  block  extending  through,  as  shown 
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at  A,  to  form  a  core  print.  The  core  box  shown  beneath 
may  be,  in  the  smaller  sizes,  cut  out  of  the  solid  wood,  the 

part  B  being  made  thick, 
because  it  includes  the  thick- 
ness of  the  ridge  on  that  end, 
and  also  the  depth  of  the 
l)rint,  as  shown  at  A.  The 
reason  that  the  block  or  core 
print  protrudes  at  C,  is,  that 
a  ridge  may  be  formed  in 
the  mold  to  steady  the  core 
while  inserting  it  in  the 
mold ;  and  the  depth  of  the 
core  box,  at  E,  must  be  made 
to  suit  it.  It  will  be  noted 
that  the  core  prints,  at  F  F, 
are  carried  to  the  top  of  the 
pattern ;  and  it  will  be  readily 
perceived  that  they  must  be 
so  made  in  order  that  the 
pattern  may  lift  from  the 
sand.  Then,  after  the  mold 
is  made,  the  core  for  the  hole 
is  first  inserted,  and  then  a  small  core  is  fitted  into  the 
recess  in  the  mold ;  and  thus 
is  the  top  part  of  the  recess 
(above  the  core  print)  stopped 

off'.  The  circles  marked  on  Jl-^ 
the  faces  of  the  prints,  F,  are 
to  be  painted  on  the  pattern 
in  black  varnish,  and  their 
purpose  is  to  denote  that  the 
core  proper  is  round.  If  these 
black  circles  were  not  made, 
the   pattern  maker  would 
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require  to  make  a  similar  circle  and  cross  marks  with 
cbalk  or  pencil,  that  the  molder  may  know  how  the  core 
is  to  be  left. 

Fig.  170  is  a  representation  of  a  pattern  for  a  slide ;  it 
has  the  projections  simply  set  on  with  pegs,  to  prevent 
the  pattern  being  locked  in  the  sand.  In  molding  this 
I)iece,  a  false  core  is  laid  between  these  projections.  After 
the  cop'i  is  Ufted,  the  plate  A  may  be  taken  out ;  and 
after  removing  the  false  core,  the  pieces  B  B  can  be 
wltMrawn. 


8* 


CHAPTEE  XI. 

EXAMPLES  IN  COLTJMN  PATTERNS. 

Our  next  example  shall  be  for  a  square  or  rectangular 
column,  which,  though  very  simple  in  construction,  yet 
necessitates  a  departure  from  the  ordinary  method  pur- 
sued in  pattern  making— the  object  being  to  save  the 
making  of  an  entirely  new  pattern  for  every  required 
column.  In  view  of  the  thousands  of  columns  of  this  kind 
that  have  been  cast,  it  is  not  to  be  wondered  at  that 
measures  have  been  taken  to  cheapen  the  cost  of  the 
pattern,  and  lessen  the  labor  in  preparing  the  mold; 
but  it  is  to  be  remarked  that  no  one  has  been  able  to 
invent  a  permanent  mold  for  this  class  of  work.  In  cast 
iron  (jolumns,  the  strict  rules  of  architecture  are  not 
rigidly  followed.  The  slight  but  graceful  curve  prescribed 
for  every  column  and  pilaster  is  frequently  neglected,  and 
various  parts  of  the  column  are  modified  in  their  contour — 
to  tlieir  detriment,  as  may  be  easily  seen  by  comparing 
the  details  of  a  stone  building  with  those  of  an  iron  one. 

Square  iron  columns  are  usually  made  parallel  through- 
out tlieir  lengths ;  while,  on  the  end  view,  two  of  the 
sides  incline  towards  one  another,  on  account  of  the  draft 
or  taper  given  to  the  pattern.  Round  column  patterns 
are  not  made  parallel,  but  are  smaller  at  the  cap  than  at 
the  base.  The  curve  above  mentioned  is  given  to  the 
shaft ;  but  as  the  pattern  is  made  to  serve  for  all  lengths 
of  columns  of  that  diameter,  the  curve  can  only,  in  most 
cases,  be  an  approximation.  In  foundries  that  make  a 
specialty  of  this  class  of  work,  numbers  of  blocks  of 
various  sizes  and  lengths  are  kept,  and  they  simply  require 
the  addition  of  such  ornaments  as  the  design  comprises, 
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which  ornaments — such  as  moldings,  flutings,  and  the 
like — are  often  ready  to  hand,  to  complete  the  column  pat- 
tern. These  blocks  are,  for 
small  columns,  made  solid  j 
but  for  large  columns  they 
are  constructed  like  boxes  or 
troughs,  with  j>ieces  filled  in  at 
short  distances  to  give  strength. 
(See  Fig.  172.)  Fig.  171  is  a 
perspective  view  of  a  block, 
mounted  with  moldings  and 
other  ornamentation,  so  as  to 
form  a  column  pattern  ready 
to  go  into  the  sand.  The 
base,  B,  and  its  moldings,  a 
and  &,  are  to  be  cast  solid 
with  the  shaft  of  the  column  j 
this,  however  —  as  may  be 
inferred  from  what  has  been 
said  —  is  not  compulsory.  It 
will  be  seen  that  the  base 
forms  a  guide  for  the  stop- 
ping-off  blocks,  A  A,  at  that 
end ;  at  the  other  end  of  the 
column  the  guides,  C  0,  are 
attached.  The  distance  be- 
tween the  stopping-off  blocks, 
A  A,  is  of  course  the  length 
of  the  column,  plus  shrinkage 
and  plus  the  amount  left  for 
cutting  off  to  square  up  the 
ends  of  the  cast  column.  The 
wires  shown  are  for  the  ])ur- 
pose  of  holding  the  ornaments 
in  position  upon  the  block.   The  ornaments  on  the  face 
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are  held  by  loose  pegs,  except  the  cabling,  D,  and  the 
paneling,  E,  which  are  made  fast  on  the  face  by  nails  or 
screws. 

Let  it  be  required  to  prepare  a  pattern  for  a  column 
12  feet  long,  of  12  inches  face,  and  14  inches  deep,  to  be 
of  the  style  shown  in  Fig.  171.  Select  a  block  similar 
to  that  shown  in  Fig.  172,  in  which  the  top  i)iece  is 
shown  removed,  so  that  the  distance  pieces  may  be  seen. 
— We  will  suppose  our  column 
"^^^     ^^-..---trr:::^^^         to    require   mounting  on 

the  face  and  one  side; 
then  i  inch  or  f  inch  will 
be  taken  up  on  the  face  and 
side  by  the  margins,  E, 
which  form,  with  their 
moldings,  the  paneUng : 
therefore,  if  i  inch  margins  are  used,  the  block  should 
measure  111  by  13^  inches,  and  i  less  if  f  margins  are 
employed.  The  length  of  the  block  is  immaterial,  so  that 
it  be  not  less  than  20  inches  longer  than  the  column.  This 
excess  is  for  core  prints  at  the  ends  of  the  pattern.  Lay 
oft'  ui)ou  the  block  the  length  of  the  column  pattern ;  this 
will  be  12  feet  +  j§  inch  for  shrinkage  +  |  or  j\  inch  at 


each  end  for  squaring  up. 


Space  oft"  upon  the  block  the 


position  of  the  various  members,  and 
apply  them  as  directed.  It  must  be 
noted  that  the  moldings  and  base 
pieces  on  the  face  overrun  those  upon 
the  side,  and  also  extend  according  to 
their  contour  over  the  side  that  is  not 
mounted  (see  Figs.  171  and  173). 
The  reason  of  this  is  that  by  removing 
these  face  moldings  and  base  pieces, 
except  the  cabhng  and  paneling  (which  are  fast),  the 
molder  can  make  a  bevel  parting.    When  the  parting 
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is  made,  tlie  pieces  are  then  replaced,  and  will  be  taken 
up  again  by  tbe  cope.  A  rectangular  column  is  invari- 
ably molded  with  tbe  face  up,  because  of  tbe  facility 
sucb  a  position  gives  for  supporting  tbe  main  core  by 
means  of  tbe  cores  wbicb  make  tbe  openings  always 
formed  at  tbe  back  of  tbese  columns.  | 

For  stopping  off  tbe  cokimn  to  tbe  rigbt  lengtb,  we 
simi)ly  prepare  four  pieces,  as  sbown  at  A,  Fig.  171,  of  a 
lengtb  equal  to  tbe  deptb  of  tbe  column  at  tbe  ends,  not 
including  tbe  base  piece,  as  tbat  will  be  stopped  off  in 
tbe  cope.  In  ramming  up  tbe  column,  wben  in  tbe  sand, 
tbese  pieces  are  bedded  in,  in  tbe  position  sbown.  Some 
provision  is  necessary  to  prevent  tbem  from  being  ram- 
med out  of  tbe  i)erpendi(;ular.  Tbis  is  provided  in  tbis  case 
by  tbe  base  pieces,  B  ;  but  at  tbe  otlier  end  of  tbe  column 
temporary  strips  are  braded  to  tbe  block,  as  sbown  at  0. 
To  find  tbe  place  for  tbese  guiding  strips,  add  to  the 
lengtb  of  tbe  colunni  pattern  tbe  tbickness  of  tbe  stopping- 
off'  piece,  square  a  line  at  this  point  down  eacb  side  of  tbe 
block,  and  nail  on  tbe  guides  outside  tbis  bne,  but  witb 
one  edge  toucbing  it.  Columns  are  often  cast  witbout 
bases  or  caps — tbese  latter  being  cast  tbin,  and  attached 
by  screTTB  after  the  columns  are  set  up. 

Tbe  ornamentation  of  columns  is  varied  constantly,  de- 
pending upon  tbe  taste  of  individuals ;  therefore,  it  is  im- 
possible to  lay  down  precise  directions  in  this  matter.  It 
is  thought,  however,  tbat  the  above  remarks  will  be  of 
service ;  and  I  may  add  tbat,  in  place  of  cabUng,  fluting  is 
often  employed.  Tbis  is  never  to  be  cut  out  of  the  block, 
but  formed  in  extra  x>ieces.  Tbe  cabling  on  tbe  side  is 
made  by  fastening  the  strips  to  a  piece 
of  board,  and  tbis  is  attached  to  the 
block  by  wires.  Fig.  174  shows  tbis 
arrangement.  Baked  or  dry  sand  is  not  used  for  the 
main  core  of  square  columns,  and  we  proceed  to  describe 
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tbe  method  of  making  the  green  saud  core  now  invariably 
adopted.  Fig.  175  shows  a  sort  of  universal  core  bore,  em- 
ployed for  making  these  cores.  A  is  a  cast  iron  plate, 
laid  uiDon  the  floor  of  the  foundry,  generally  in  close  prox- 
imity to  the  mold ;  upon  this  are  set  up  two  stout  boards, 
B,  about  two  inches  thick.  These  boards  are  adjustable, 
so  as  to  take  in  any  breadth  of  face,  by  the  brackets,  D, 
moving  along  slots  in  the  plate.  Nipj)ing  screws  in  the 
brackets  admit  of  the  boards  being  iDressed  together  on 
the  end  pieces,  which  must  be  changed  for  every  width  of 


column ;  the  height  of  the  core  is  regulated  by  means  of 
the  strike,  E.  On  account  of  the  exceedingly  fragile  na- 
ture of  a  green  sand  core,  it  is  necessary  to  imbed  within  it 
a  strong  bar  of  cast  iron,  called  a  core  bar,  such  as  is  re- 
l)resented  at  F,  Fig.  175.  It  consists  of  a  strong  center  bar 
with  pieces  cast  sohd  with  it,  ranged  on  each  side,  called 
wings ;  the  bar  itself  is  made  to  taper  off  to  a  narrow 
ridge  towards  the  under  part,  as  also  are  the  whigs  which 
taper  at  the  edges.  The  sand,  being  rammed  between 
these  wings,  is  able  not  only  to  sustain  itself,  but  also  a 
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small  portion  extending  beyond  tliem  — namely,  to  the 
correct  outline  of  the  core.  The  bar  is  generally  from  half 
an  inch  to  one  inch  smaller  than  the  core,  as  will  be  seen 
in  the  sectional  end  view,  Fig.  177.   A  notch  is  cut  out  of 


each  wing,  to  admit  of  the  insertion  of  a  perforated  tube 
on  each  side,  for  ventilation.  The  core  bar,  F,  and  the 
perforated  tubes,  G  G,  are  shown  in  Fig.  175,  imbedded 
in  the  core. 

As  there  are  not  any  core  prints  required  to  form  the 
openings  at  the  back  of  the  column,  the  cores  for  these 
openings  are  made  in  a  box  not  thicker  than  the  intended 
thickness  of  metal  in  the  column.  Such  a  box  is 
shown  in  Fig.  178  ;  though  for  the  sake  of  cheapness,  when 
the  columns  are  not  more  than  half  an  inch  thick,  the 
core  box  is  sawn  out  of  one  piece. 


Fig.  179  is  an  end  view  of  the  core  box,  with  core, 
shown  in  Fig.  175,  but  with  the  addition  of  the  wooden 
binder,  which  serves  to  assist  the  brackets  in  holding  the 
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sides,  B,  of  the  core  box  together,  which  is  necessary 
when  the  core  box  is  very  deep. 

Eound  columns  are  either  plain,  fluted,  or  of  a  mixed 
design,  to  agree  with  the  square  columns  in  the  same 
building.  Fig.  180  represents  a  plain  round  column ;  but 
it  must  be  remembered  that,  even  though  the  shaft  be 
plain,  the  design  of  the  base  and  cap  may  be  modified 
according  to  taste.  In  the  case  of  so  simple  a  one  as  we 
have  illustrated,  it  would  probably  be  cast  solid,  as  repre- 
sented ;  though  if  of  very  large  size— as  those  in  the  crypts 
of  churches,  perhaps  18  inches  in  diameter — a  great  deal 
of  metal  would  be  saved  by  simply  casting  a  plain  round 
shaft  with  the  moldings,  N  and  O,  upon  it,  and  of  a 
length  measured  from  the  lower  part  of  the  base  to  the 
top  of  the  cap.  This  casting  takes  the  weiglvt  of  the 
builduig.  The  base,  B,  with  its  molding,  B  M,  and  the 
cap,  C,  with  its  molding,  C  M,  are  thin  eastings  fixed  to 
the  column  by  screws.  P  P  are  the  core  prints.  Little 
need  be  said  as  to  the  method  of  j)reparing  a  pattern  of 
this  description.  If  small,  it  will  be  turned  from  the  solid 
wood ;  and  if  large,  it  will  be  lagged  or  staved  up,  as  we 
have  described  in  examples  of  lagguig  and  staving.  In 
any  case,  the  pattern  must  be  made  in  halves.  Some 
foundries  require  a  half  core  box  ;  while  in  others,  the  coi  e 
is  struck  up  in  the  manner  described  on  pages  89,  90. 

We  may  now  pass  to  the  consideration  of  the  fluted 
column,  shown  in  Fig.  181.  D  is  a  plan  of  the  peculiar 
cap  required  for  this  kind  of  column ;  it  is  neither  square 
nor  round,  but  of  a  shape  which  harmonizes  beautifully 
with  the  carved  work  below,  all  of  which,  including  the 
cap,  is  added  afterwards,  the  column  being  cast  a  plain 
round  above  the  member  marked  N,  and  also  below  that 
marked  O.  The  extension.  A,  is  the  part  which  passes 
between  the  joists  of  the  flooring ;  it  is  often  flattened  to 
admit  of  this,  as  shown  at  0,  Fig.  182.   B  is  a  section  of 
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the  column  through  the  fluted  part.  It  is  not  thought 
necessary  to  show  the  prints,  as  they  would  be  similar 
to  those  shown  in  Fig.  180,  the  lower  one  being  flattened 
if  the  extension  A  were  required. 

We  have  now  arrived  at  the  most  important  part  of  this 
branch  of  our  subject,  and  that  is,  how  to  make  the  fluted 
pattern  column  so  that  it  may  be  extracted  with  facility 
from  the  mold;  for,  by  referring  to  Fig.  181,  it  will  be 
seen  that  the  rammed  sand,  by  entering  the  flutes,  would 
lock  the  pattern  down,  unless  this  difficulty  were  provided 
for.  To  overcome  this  difficulty,  we  refer  the  reader  to 
Figs.  183,  184,  185.  Fig.  183  is  a  sectional  view  of  a  col- 
umn, turned  extra  large  at  the  part  intended  to  be  fluted, 
so  as  to  form  a  plain  core  print  all  around  the  column. 
A  convenient  number— divisible  by  3  or  4— of  flutes  must 
be  taken ;  we  have  taken  12  flutes  in  the  half  column.  A 
suitable  core  box  must  be  constructed  with,  say,  four 
flutes;  these  cores,  when  packed  around  the  mold,  will 
core  out  the  flutes  in  the  column.  This  method  is  only 
given  because  there  may  be  special  cases  where  it  would 
be  most  suitable ;  but  it  is  not  that  generally  adopted. 


'  In  Fig.  184,  each  half  of  the  column  is  formed  of  three 
pieces,  which  are  held  together  by  taper  dovetails;  in 
this  case  the  middle  piece  is  first  drawn  from  the  mold  and 
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then  the  side  ])ieces.  This  method  will  accommodate  any 
even  number  of  flutes,  and  is  quite  practicable ;  the  ob- 
jection to  it,  however,  is,  that  the  dovetails  are  liable  to 
stick,  and  also  that,  when  the  middle  piece  is  drawn  out, 
the  side  pieces  sometimes  fall  into  the  mold,  to  its  irie- 
'  trievable  injury. 

(  Fig.  185  represents  the  arrangement  in  most  general 
use.  It  is  not  nearly  so  expensive  as  that  shown  in  Fig. 
183,  nor  is  it  open  to  the  objections  mentioned  in  connec- 
tion with  Fig.  184.  The  three  i)ieces  marked  S  are  the 
main  staves  of  the  column  pattern,  but  the  number  is  not 
arbitrary.  We  may  take  four  or  any  other  number, 
depending  on  the  size  of  the  column ;  it  is  advisable,  how- 
ever, to  have  as  few  x)ieces  as  possible.  What  we  have  to 
do  is  to  notice  the  direction  taken  by  the  pieces  as  they 
are  drawn  out,  and  if  it  appears  that  the  flutes  do  not 
escape  properly,  then  a  larger  number  of  divisions  must 
be  made.  The  pieces  marked  /  are  the  supplementary 
staves  in  which  the  flutes  are  ^Jur.ISS, 
cut ;  they  are  attached  to  the 
inner  staves  by  screws,  which 
are  removed  by  the  molder, 
who  is  then  able  to  extract 
the  pattern.  The  side  pieces, 
/  /,  are  then  drawn  out,  and 
lastly  the  lower  pieces,  the 
process  being,  it  will  be  no- 
ticed, the  reverse  of  that 
shown  in  Fig.  183.  In  each 
case,  the  line  A  B  is  the  parting  line  of  the  pattern, 
which  must  always  occur  in  the  middle  of  a  ridge  and  not 
in  a  flute.  The  flutes  should  be  cut  out  to  a  half  circle, 
and  eased  ofl:'  slightly  towards  the  ridges  with  sand  paper. 
They  must  not  be  in  the  least  undercut,  because  of  the 
draft  in  the  mold.    The  pattern  should  be  made  as 
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smooth  as  possible  by  alternately  sand-papering  and  var- 
uishing^  using  well  worn  sand-paper  to  insure  smootliness. 


tern  to  be  removed  from  the  sand.  The  flutes  are  cut  out 
of  the  solid,  the  front  ones  being  the  deepest,  and  the  side 
ones  so  shaUow  that  many  of  them  are  scarcely  distin- 
guishable. 

In  columns  whose  designs  are  of  a  mixed  character,  the 
methods  illustrated  for  fluting  are  equally  suitable  for 
cabling,  as  shown  in  Fig.  185,  where  the  cabhng  is 
shown  in  dotted  lines ;  while  rosettes,  roi)e  moldings,  and 
the  like,  are  either  attached  by  wires,  as  shown  iu  the 
illustration  of  square  columns,  or  they  must  be  cast  sepa- 
rately and  afterwards  affixed  by  screws,  as  are  many 
other  ornaments  whose  shapes  preclude  their  being  molded 
sohd  with  the  columns. 


A 


In  Fig.  180  are  shown  what 
are  called  bastard  flutes. 
Their  use  gives  a  cheap  but 
not  beautiful  style,  and  they 
are  sometimes  employed  on 
lamp  posts  and  columns  iu 
the  cheaper  class  of  tene- 
ment houses.  The  flutes,  it 
will  be  noted,  are  made 
shallow  and  of  a  shape  to 
permit  the  whole  half  pat- 


CHAPTER  XII. 


EXAMPLES  IN  THIN  WORK. 

In  the  examples  we  have  hitherto  presented  to  the 
reader,  we  have  supposed  the  pattern  to  be  of  such  sub- 
stance or  thickness,  as  to  be  able  to  bear  the  pressure  of 
the  sand  being  rammed  about  it  in  molding,  without 
breaking  or  altering  its  form  j  but  this  is  not  always  the 
case.  The  parts  of  a  stove,  for  instance,  are  cast  often  less 
than  i  inch  in  thickness ;  the  same  may  be  said  of  most 
of  the  ornamental  ironwork  used  in  architecture,  and  even 


cornices  and  window  sills  range  only  about  y\  or  i  inch 
thick.  It  is  true  that  for  this  kind  of  work  metal  patterns 
are  almost  invariably  used ;  but  for  the  pattern  maker 
this  is  indifferent,  as  wood  patterns  have  to  be  made  from 
which  the  metal  patterns  are  to  be  cast.  Take,  for  exam- 
ple, the  wuidow  sill,  shown  in  section  in  Fig.  187.  To  en- 
able it  to  withstand  the  pressure  of  the  sand,  while  ram- 
ming, we  must  M  the  interior  with  a  form  or  block, 


PATTERN  maker's  ASSISTANT. 


shown  at  F,  which  is  to  be  used  in  conjunction  with  the 
board  B.  This  form  and  board  are  no  less  useful  to  the 
pattern  maker  than  to  the  molder;  for  let  the  form  be 
once  obtained  of  the  proper  size  and  shape,  and  the  con- 
struction of  the  pattern  is  so  far  simplified  as  to  be  merely 
a  covering  of  this  form  with  wood  slightly  thinner  than 
the  required  thickness  of  metal.  Most  thin  work  is  made 
in  this  manner,  especially  if  the  patterns  are  of  such  size  or 
shape  as  to  need  the  joining  together  of  many  pieces.  It 
is  not  the  pattern  itself  that  demands  our  first  attention, 
but  rather  the  form  that  supports  it. 

Thin  work  demands  great  care  and  patience,  on  account 
of  its  fragile  nature.  Scarcely  any  hold  can  be  obtained 
for  nails;  and  though  the  best  glue  is  used,  it  cannot 
always  be  relied  upon.  Dovetails  for  square  corners,  if 
they  are  end  wood  to  end  wood,  will  be  found  very  superior 
to  glued  joints.  Furthermore,  as  few  joints  should  be  made 
as  possible,  and  the  pattern  should  be  well  protected  by 
several  coats  of  varnish.  In  working  out  thiu  moldings — 
as  for  instance,  the  portion  of  the  sill  from  a  to  b,  which 
should  be  of  one  piece — we  plane  up  a  piece  of  a  suitable 
width  and  thickness,  and  trace  the  outline  of  the  molding 


give  it  proper  support,  we  are  enabled  to  work  out  the 
opposite  side  to  the  required  shape.  In  working  out  thin 
moldings,  a  circular  saw  with  an  adjustable  table  will  be 
of  great  assistance,  as  by  its  means  we  may  make  a  series 
of  saw  cuts  so  close  together  as  practically  to  take  out  half 
the  stuli,  and  form  an  excellent  guide  for  cutting  away 


^^'288. 


upon  each  end  of  the  piece  j 
then,  as  it  lies  flat  upon  the 
bench,  we  work  out  on  one 


side  to  the  lines  which  will  fit 
the  form,  as  in  Fig.  188,  and 
then,  by  temporarily  fastening 
the  piece  to  the  form,  F,  to 
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the  other  half  (see  Fig.  188).  The  part  from  a  to  c,  Fig. 
187,  should  not  be  formed  by  gluing  thin  stuff  together 
at  the  obtuse  angle,  but  should  be  of  one  piece.  Fig.  189 
is  a  section  of  a  cornice  lying  upon  its  bed  or  follower 
board,  B ;  it  may  be  made  of  one  piece,  as  in  the  pre- 
vious example. 


In  molding  work  of  this  kind,  the  procedure  is  as  fol- 
lows :  The  board,  B,  with  the  form  and  pattern,  is  placed 
upon  a  level  bed  of  sand,  so  that  it  may  not  wind  or  twist 
under  the  weight  that  is  to  be  put  upon  it,  which  will  con- 
sist of  the  uowel  rammed  full  of  sand.  The  board  and 
nowel  are  fastened  together  by  clamps,  and,  the  ramming 
finished,  the  whole  is  turned  overj  the  board  and  form 
are  then  removed.    There  is  no  longer  any  necessity  for 


the  support  of  the  latter,  as 
the  sand,  having  been  once 
rammed,  does  not  press 
upon  the  pattern  to  its  injury, 
but  keeps  its  position,  and 
becomes  a  good  and  suffi- 
cient support  to  it  during 
the  ramming  up  of  the  cope, 
which  is  now  placed  in  i)osi- 
tion,  and  the  molding  con- 
tinued in  tlic  usual  manner. 
Instead  of  the  form,  F,  which  fills  the  interior  of  the  pat- 
tern, we  may  provide  a  strong  enveloping  form,  as  shown 
in  Fig.  190  j  the  difference  is  that  the  reverse  side  of  tho 
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casting  will  be  uppermost  as  compared  with  the  other 
case.  The  form  must  fit  that  side  of  the  pattern  which  we 
wish  to  come  next  the  cope.  Forms  of  an  irregular  or  diffi- 
cult shape  are  often  advantageously  made  by  simply  pour- 
ing plaster  of  Paris  into  the  patterns  for  which  they  are 
intended.  A  great  deal  of  thin  work  is  formed  by  dry  sand 
coring,  often  from  necessity ;  but  when  practicable,  the  dry 
sand  core  is  discarded,  and  the  pattern  made  to  leave  its 
own  core.  This  insures  greater  accuracy,  is  cheaper,  and 
causes  the  interior  surface  of  the  casting  to  be  the  same  as 
the  exterior.  When  dry  sand  cores  are  employed,  there  is 
no  difference  between  thin  work  and  thick,  and  therefore 
the  methods  described  in  former  pages  are  a  sufficient  ex- 
planation  of  the  process. 


CHAPTEB  Xm. 

SWEEP   AND  LOAM  WORK. 

The  above  title  applies  to  a  class  of  work,  generally  of 
large  size,  in  which  boards  or  sweeps,  fixed  to  a  revolving 
spindle,  serve  instead  of  patterns  io  form  the  molds.  This 
arrangement,  of  course,  wiU  only  produce  cu-cular  molds ; 
patterns  may,  however,  be  used  in  conjunction  with  the 
sweeps,  as  we  shall  endeavor  to  Ulustrate  further  on.  The 
spindle  above  named  is  a  light  vertical  shaft,  revolving  in 
a  step  below  and  a  bearing  overhead ;  when  a  part  of  a 
mold  has  been  swept  up,  the  spindle  can  be  raised  out  of 
the  step  sufficiently  to  enable  the  work  to  be  removed  and 
preparations  for  the  next  piece  substituted. 

Let  it  be  required  to  produce  a  cast-  .^^.JSI- 
ing,  such  as  is  shown  in  Fig.  191 — a 
sort  of  pan  or  boiler,  often  used.  Fig. 
194  is  a  sectional  view  of  the  mold 
complete.  It  is  formed  of  two  parts, 
the  lower  being  called  the  "  seat,"  and 
the  upper  the  "  cope."  Figs.  192  and 
193  illustrate  the  method  of  forming 
each  of  those  parts.  The  material 
used  by  the  founder  is  called  loam~a 
clayey,  plastic  composition,  very  soft. 
After  a  certain  quantity  of  this  mate- 
rial has  been  piled  up,  the  sweep  is 
revolved;  it  shears  down  the  high 
places  and  indicates  the  holes  or  hollows.  Into  the  latter 
more  material  is  placed,  and  the  sweep  is  passed  round 
again  ;  and  so  on  until  the  job  is  perfected.  It  will  be 
noticed  in  Fig.  194,  that  the  two  parts  of  the  mold  are 
retained  in  their  proper  position  hy  a  projection  on  one 
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fitting  into  a  recess  in  the  other ;  this  is  the  seat  proper, 
and  is  indicated  tlironghout  by  S  S.   The  pattern  makei's 


part  is  to  form  the  sweeps,  which  he  does  in  the  following 
manner :  On  a  piece  of  board  of  the  proper  thickness  for 
a  sweep — the  size  of  which  depends  on  the  size  of  the 
work — he  draws  an  outline  of  the  job,  interior  and  exterior, 
from  the  center  outwards ;  and  bej^ond  this  he  lays  off  his 
seat,  as  shown  at  Fig.  193 — the  dotted  lines  representing 
the  interior  of  the  piece.  He  has  then  simply  to  cut  away 
to  the  interior  line,  and  also  the  step  at  S,  and  one  board 
is  finished,  unless  he  knows  the  diameter  of  the  spindle 
and  the  position  of  the  holes  in  the  carrying  bracket 
attached  thereto ;  in  which  case  he  is  supposed  to  cut  off, 
parallel  with  the  center  line,  a  portion  equal  to  the  radius 
of  the  spindle,  as  a  recess  for  the  hub  of  the  bracket,  B, 
and  to  bore  the  holes  for  the  bolts.  The  board,  Fig.  192, 
when  reversed,  should  fit  that  in  Fig.  193  at  the  lower 
part,  and  be  of  a  shape  to  coincide  with  the  dotted  line. 
Its  length  must  be  enough  to  extend  to  the  center,  minus 
the  radius  of  the  spindle,  as  shown  in  Fig.  192. 
It  will  be  seen  by  the  lines  showing  the  grain  of  tho 
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wood  that  the  board  in  Fig.  192  is  formed  of  two  pieces, 
lapped  at  the  corner,  to  give  strength  j  and,  to  avoid  too 


much  cross  grain,  battens  may  be  added  when  it  is 
thought  necessary.    As  I  have  already  remarked,  in 


striking  up  cores  with  a  horizontal  spindle,  the  working 
edge  of  the  board  should  be  beveled  j  and  it  is  hardly 
necessary  to  say  that  the  same  is  appUcable  in  this  case. 
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P  P,  Fig.  192,  is  a  circular  plate  of  cast  iron,  used  to  sup- 
port the  mold  while  soft  j  it  is  not  shown  in  Fig.  193.  By 


the  same  method,  only  varying  the  outline  of  the  sweeps, 
a  large  class  of  circular  work  may  be  produced,  including 
vases,  speed  cones,  etc.  Sometimes  it  is  necessary  to  cast 
brackets,  pipes,  or  other  i)rojections,  upon  the  main  piece  j 
to  do  this,  patterns  must  be  made  of  those  j)rojections,  and 
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as  many  patterns  as  there  are  projections.  The  height  at 
which  it  is  required  to  bed  in  these  brackets,  etc.,  must  be 
indicated  to  the  molder  by  a  small  V,  cut  into  the  sweep ; 
this  will  produce,  as  the  sweep  revolves,  a  line  upon  the 
mold.  For  the  rest,  unless  simple  directions  can  be  given, 
the  pattern  maker  usually  visits  the  foundry,  and  assists 
in  placing,  or  at  least  in  verifying,  the  position  of  the 
pieces.  When  the  mold  is  sufficiently  hard,  and  before  it 
is  baked,  these  patterns  are  withdrawn. 

A  good  illustration  of  the  manner  in  which  pattern 
work  may  be  used  in  conjunction  with  sweeps,  is  furnished 
in  the  ordinary  engine  cylinder.  Fig.  195  is  a  sectional 
elevation  of  a  complete  mold ;  Fig.  196  is  a  horizontal  sec- 
tion of  the  same,  on  the  line  A  B  showing  the  outlet  for 
the  exhaust  steam.  This  mold  is  composed  of  four  parts 
that  are  swept  or  struck  up — namely,  S  S,  the  seat  j  A  B, 
the  body ;  C  C,  the  cope,  and  M,  the  main  core.  The  latter 
may  be  struck  upon  a  horizontal  arbor,  or  formed  in  a  box 
In  addition  to  the  parts  ^ 
above  enumerated  are  the  ^' 
two  steam  port  cores  and 
the  exhaust  port  core,  all 
formed  in  core  boxes.  The 
procedure  is  as  follows: 
With  a  board,  shown  in  Fig. 
197,  the  seat  S  S  is  struck 
up ;  ui)on  this,  when  dried, 
is  placed  a  flange  of  wood. 
It  is  set  centrally ;  the  seat 
is  also  carefully  beveled  and 
set  by  the  spindle.  A  pat- 
tern of  the  slide  face,  with 
the  parts  in  which  the  steam 
and  exhaust  passages  occur,  is  set  in  position  on  this 
flange  j  the  top  flange  of  wood  is  now  added,  and  tern- 
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porarily  fixed  to  the  slide  face  pattern,  and  shored  up  on 
the  opposite  side,  so  as  to  maintain  it  true  and  level.  With 
the  board,  Fig.  198,  is  formed  the  body  A  B ;  the  shape  of 
the  exterior  of  the  mold  is  not  important ;  it  is  left  rough 
but  some  mark  must  be  made  so  as  to  be  able,  after  remov- 
ing it  from  the  seat,  to  restore  it  to  the  position  as  before. 
When  the  body  has  dried  sufficiently,  the  pattern  flanges 
and  slide  face  are  withdrawn,  the  body  being  lifted  from 
the  seat  for  this  purpose  by  means  of  bolts  passing 
through  it,  and  termuiating  in  a  cast  annular  plate  at  the 
bottom.  The  projectmg  flanges  on  the  slide  face  are  at- 
tached by  wires  and  dovetails ;  otherwise  the  piece  would 
be  locked  in  the  mold.  The  side  print  for  the  exhaust  port 
is  attached  also  by  a  loose  wire.  Fig.  199  is  a  board  for 
sweeping  up  the  cope,  0  0.  The  whole  of  these  boards 
are  represented  as  carried  to  the  center  of  the  spindle  • 
allowance  must,  therefore,  be  made  for  the  spindle  and 
bracket.  For  very  large  cyhnders,  wood  flanges  are  not 
used,  the  sweeps  being  made  to  a  shape  to  perform  the 
whole  of  tlie  work. 
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QEAE  "WHEELS  AND  WOEM  SCEEW. 

We  now  approach  a  class  of  work  in  wliich  the  fallest 
amount  of  care  and  attention  on  the  part  of  the  pattern 
maker,  for  the  attainment  of  accuracy,  is  exceedingly  de- 
sirable. Patterns  for  wheel  work,  clumsily  constructed, 
may  be  positively  worthless,  or  may  at  least  give  rise  to 
great  loss  of  time  in  the  fitting  shop,  in  correcting  the  de- 
fects in  the  castings  taken  from  them.  It  is  not  our  pur- 
pose to  enter  into  the  various  methods  of  arriving  at  the 
proper  form  or  curvature  that  is  to  be  given  to  the  teeth, 
as  that  is  a  subject  quite  extensive,  and  a  study  in  itself. 
What  more  particularly  concerns  us,  is  the  general  con- 
struction of  the  patterns  from  designs  furnished. 

Gear  wheels  are  of  two  kinds,  spur  and  bevel ;  the  for- 
mer for  transmitting  motion  when  the  shafts  are  paiiillel, 
and  the  latter  to  be  used  when  the  shafts  are  inclined  to 
each  other.  When  the  teeth  of  a  bevel  wheel  are  inchned 
at  an  angle  of  45°  with  the  axis,  that  wheel  is  called  a 
miter.  Skew  bevels  are  wheels  suitable  for  shafts  that  are 
inclined  to  each  other,  and  are  not  in  the  same  plane. 
Pinion  is  a  distinctive  term,  applied  to  the  smaller  of  a 
pair  of  gear  wheels,  when  there  is  a  great  disparity  between 
them ;  or  it  may  mean  generally  a  small  gear  wheel. 

Fig.  200  is  a  plan  and  section  of  the  pattern  of  a  spur 
wheel  and  pinion,  such  as  is  usually  supplied  to  workmen. 
The  plan  exhibits  the  form  of  the  teeth  and  pitch,  Avith  the 
size  and  number  of  arms.  The  sectional  view  shows  the 
breadth  of  face,  depth  of  hub,  and  ribs  on  the  arms.  In 
the  construction  of  gear  wheel  and  pinion  patterns,  the 
particular  method  to  be  adopted,  as  also  the  material  to 
be  used,  will  depend  upon  size  and  the  service  expected  to 
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be  got  out  of  the  patterns.  Mahogany,  dry  and  straight 
grained,  is  an  excellent  material  for  wheel  patterns ;  but 
for  large  work  it  is  too  costly.  In  some  cases  the  teeth 
are  worlied  in  mahogany  and  fixed  to  a  pine  body  j  in  the 
majority  of  cases,  however,  pine  is  the  only  material  used. 
The  pinion  may  be  carved  out  of  one  piece,  or  it  may  have 
the  teeth  attached  to  a  hub ;  and  if  the  latter,  then  the 
teeth  may  be  held  by  dovetails,  or  they  may  be  simply 
glued  or  nailed.  If  the  pinion  is  so  deep  in  proportion  to 
its  diameter  as  to  be  strong  enough,  and  not  more  than  5  or 
6  inches  diameter  over  all,  it  may  be  cut  from  the  solid. 
In  this  case,  the  grain  of  the  wood  must  lie  in  the  direction 
of  the  teeth.  For  turning  the  piece  we  must  use  a  chuck 
or  face  plate,  smaller  than  the  pinion  is  at  the  bottom  of 
the  spaces,  so  as  to  be  able  to  trace  circles  on  both  sides 
by  the  motion  of  the  lathe ;  if  such  a  face  plate  is  not  at 
our  disposal,  we  may  bore  a  hole  in  the  piece  to  be  turned, 
and  fit  to  it  an  arbor  of  hard  wood.  Having  turned  the 
pattern,  trace  upon  it  very  fine  circles  to  indicate  the  pitch 
line,  the  line  for  the  roots  of  the  teeth,  and  (if  required) 
circles  for  the  centers  used  in  tracing  certain  peculiar  forms 
of  teeth.  All  these  circles  are  to  be  traced  on  both  sides 
of  the  pattern,  and  draft  is  to  be  allowed  by  making  the 
circle  for  the  roots  of  the  teeth  a  little  smaller  on  one  side 
than  on  the  other,  and  also  by  turning  the  piece  slightly 
taper.  The  pinion  is  now  to  be  pitched  out,  on  one  side, 
very  accurately ;  this  is  sometimes  a  matter  of  no  small 
difficulty,  for,  having  passed  round  with  the  compasses  a 
few  times,  the  points  are  liable  to  slide  into  previous  im- 
pressions, giving  rise  to  error.  For  this  reason  the  pattern 
maker  does  not  allow  the  points  of  his  compasses  to  fall 
where  he  intends  the  center  of  the  teeth  to  be,  until  he  has 
obtained  the  correct  division,  which  is  known  by  the  com- 
pass pouit,  after  having  made  the  tour  of  the  circle,  falling 
exactly  into  the  starting  point.    He  now  proceeds  to 
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lay  down  tlie  centers  of  tlie  teetli,  and  to  delineate  their 
size  and  form;  then,  by  squaring  across  the  fa(ie,  the 
points  of  the  teeth  are  transferred  to  the  other  side  ;  the 


teeth  are  then  outlined  on  that  side,  and  the  intervening 
spaces  cut  a\ray  exactly  to  the  lines. 
9« 
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For  a  large-sized  pinion,  the  usual  method  is  to  build  up 
a  hub  or  body  with  quadrants,  breaking  joint  at  each 
course  or  layer  5  the  body  is  then  turned,  and  the  circum- 
ference pitched  off  to  the  required  number  of  teeth.  Blocks 
of  hard  or  soft  wood,  planed  nearly  to  the  size  of  the  teeth 
and  hollowed  on  the  side  that  goes  next  the  body,  are  to  be 
glued  on  and  set  to  the  lines  made  on  the  surface  of  the 
body  when  it  was  pitched  off  (see  tooth  marked  A,  Fig. 
200).  When  the  glue  has  properly  set,  the  whole  is  re- 
placed in  the  lathe  and  turned  off,  the  same  as  for  a  solid 
pinion;  the  lining-in  will  also  be  a  repetition  of  the  process 
above  explained.  Another  method  is  to  fix  the  teeth  on 
dovetaUs,  as  at  B,  Fig.  200 ;  but  as  this  is  very  seldom 
adopted  for  spur  pinions,  it  will  be  more  in  place  to  de- 
scribe it  when  dealing  with  bevel  gear. 

We  now  proceed  to  the  construction  of  the  wheel  which, 
iu  oiir  illustration,  has  six  spokes  or  arms,  marked  S ;  the 
rim,  E,  must  of  course  be  built  up  in  segments  j  and  when 
we  have  reached  to  the  height  of  the  top  of  the  flat  arms, 
we  should  turn  the  inside  to  the  finished  size,  and  cut  in 
the  arms,  as  shown  in  Fig.  200,  the  rest  of  the  building 
can  then  be  proceeded  with.  To  avoid  here  useless  repe- 
tition as  to  the  details  observed  in  building  or  in  prei>ariug 
the  arms,  the  reader  is  referred  to  Figs.  132,  133,  134  aud 
135.  Having  turned  the  body  of  the  wheel,  both  inside 
and  out,  we  proceed  to  attach,  on  each  side  of  the  arms,  a 
hub,  so  as  to  form  the  whole  hub,  as  in  Fig.  200 ;  the  ribs, 
C,  are  then  fitted,  and  lastly  we  complete  the  body  by  fillet- 
ing the  corners.  For  7r//rP/)7 

the  teeth  there  is  but         ^  ^A^^l. 

one  method  that  is 
usually  adopted,  and 
that  is  to  form  them 
in  a  box  as  follows  : 
Plane  a  piece  of  hard  w  cod,  as  in  Fig.  201,  some  five  or 
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six  inches  longer  than  the  teeth,  and  about  three  inches 
wider;  the  thickness  is  not  to  be  less  than  that  of  the  tooth 
at  its  thickest  part.  The  ends  of  this  piece  must  also  be 
planed ;  from  the  edge,  B  C,  gage  the  line,  A  D,  the  re- 
quired depth  of  tooth.  Layoff,  J^/'cf./^OJ^- 
about  in  the  center  of  the  piece,  «/* 
the  distance  B  C,  equal  to 
breadth  of  face  of  the  wheel,  and 


make  two  saw  cuts,  B  A  and  0  JT 
D.  Let  this  piece  be  now  let  in- 
to a  piece  of  planed  board,  Fig. 
202,  which  is  an  inch  or  so  longer 
than  the  radius  of  the  wheel  at 
the  tops  of  the  teeth.  This  piece 
is  to  fit  tightly  into  the  mortise, 
which  is  made  equally  on  each 
side  of  a  center  line  on  the  board. 
Take  now  in  a  trammel  the  radius 
of  the  wheel  at  tbe  top  of  the 
teeth,  and  mark  off,  from  the 
outer  edge  of  the  hard  wood  box, 
the  distance  E  F  on  the  center 
line  of  the  board.  The  point  F 
represents  the  center  of  the 
wheel.  Take  the  radius  of  the 
wheel  at  the  pitch  line,  and  also 
at  the  roots  and  points  of  the 
teeth ;  and  with  these  distances 
describe  the  arcs  G  G,  H  I,  J  K, 
and  such  other  arcs  as  may  be 
necessary,  on  which  to  take  the 
centers  for  describing  the  correct 
form  of  the  tooth.  Complete  the 
dehueation  of  three  teeth,  or  at 
least  the  center  one,  which  will  be  upon  the  hard  wood  box; 
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reverse  now  this  box,  and  draw  the  outline  of  the  tooth 
upon  the  other  end  of  it  j  remove  the  i)iece  from  the  mor- 
tise, and  plane  off  to  the  shape  of  the  tooth  as  drawn  5  re- 
move the  portion  B  A  D  C,  Fig.  201,  and  the  box  is  ready 
for  shaping  teeth  in.  Such  teeth  during  the  process  are 
held  by  the  screw  shown. 

Select  for  the  teeth,  lumber  very  straight  in  the  grain, 
and  rip  off  a  number  of  strips  about  two  or  two  and  a  half 
feet  long,  of  a  width  and  thickness  (when  planed)  slightly 
fuller  than  the  required  teeth,  and  hollow  one  edge  to  fit 
the  curvature  of  the  rim  of  the  wheel.  Saw  the  strips  mto 
pieces  a  trifle  longer  than  the  teeth,  and  plane  the  ends 
so  that,  when  finished,  the  length  of  the  pieces  is  exactly 
equal  to  the  breadth  of  the  rim.  This  latter  process  is  most 
rapidly  performed  by  placing  some  eight  or  ten  side  by 
side  in  a  frame,  and,  if  necessary,  tightening  them  by  a 
wedge  and  nipping  in  the  vise  (see  Fig.  203).   The  frame 
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must  be  equal  in  width  to  the  length  it  is  required  to 
make  the  pieces,  and  care  must  be  taken  not  to  dimin- 
ish this  width,  as  is  sometimes  done.  In  i^laniug  a  num- 
ber of  teeth,  it  perhaps  is  as  well  to  black-lead  the  frame 
where  it  is  apt  to  be  planed  j  this  will  at  least  show  when 
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damage  has  been  done.  Tlie  blocks  are  nov  severally 
shaped  to  the  proper  contour  in  the  box,  Fig.  201,  particu- 
lar attention  being  paid  not  to  shave  away  the  box  in 
shaping  the  teeth ;  for  this  reason  it  is  well  to  have  an  ex- 
tra plane,  very  finely  set,  to  finish  with.  The  rim  of  the 
wheel  having  been  divided  according  to  the  number  of  teeth 
required,  and  lines  squared  across  its  face  at  a,  Fig.  204,  the 
finished  teeth  are  glued  on  exactly  to  the  hues.  Only  a, 
few  spots  of  glue  should  be  apphed, 
so  that  little  or  none  may  exude  and 
hide  the  line  that  we  pose  the  teeth 
by  5  when  the  glue  has  perfectly  set, 
the  teeth  should  be  additionally  se- 
cured by  nails.  If  the  above  pro- 
cesses are  followed  up  with  proper 
care,  the  teeth  will  all  be  found 
evenly  set  arouud  the  wheel ;  never- 
theless, it  is  only  right  to  verify 
their  position  with  a  pair  of  calipers, 
while  the  glue  is  yet  soft. 

Very  large  wheels,  or  even  those 
of  moderate  size,  when  difficulties  of 
transportation  are  anticipated,  are 
made  by  bolting  together  a  number 
of  sections.  A  section  usually  con- 
sists of  an  arm  and  two  equal  por- 
tions of  the  rial,  one  on  each  side  of 
it,  so  as  to  have  a  joint  midway  be- 
tween each  i)air  of  arms.  However 
this  may  be,  one  thing  must  be  strict- 
ly observed,  namely,  to  have  the 
joints  always  in  the  center  of  spaces ; 
therefore  it  is  sometimes  necessary 
to  employ  unequal  segments  or  sections,  in  which  case  the 
pattern  is  mad.e  to  the  longer  segment  j  and  when  these 
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are  cast,  the  flange  is  moved  to  suit  the  shorter  one,  and 
the  superfluous  teeth  are  stopped  off  in  the  sand.  This 
saves  cutting  the  pattern,  which  remains  good  for  other 
wheels,  when  required.  The  extremities  of  the  arms, 
which  are  to  be  screwed  to  the  hub,  are  provided  with 
flanges  for  this  purpose,  the  hub  being  flattened  to 
accommodate  them.  A  great  deal  of  nicety  is  required 
in  constructing  wheels  on  this  principle,  as  the  spaces 
between  the  teeth  at  the  joints  must  be  neither  wider  nor 
narrower  than  at  other  parts. 


BEVEL  WHEELS. 

"  He  who  can  make  a  good  bevel  wheel  is  a  good  pat- 
tern maker."  That  was  once  the  saying ;  but  the  system 
that  divides  a  trade  into  specialties  is  now  growing  to  be 
the  general  custom,  and  it  has  robbed  the  expression  of 
half  its  truth,  for  there  are  many  good  pattern  makers 
Avho  have  been  engaged  all  their  lives  in  specialties  re- 
mote from  bevel  wheel  making.  We  give  the  saying, 
however,  merely  to  show  the  importance  that  has  always 
been  attached  to  work  of  this  kind,  not  undeservedly.  A 
pair  of  bevel  wheel  patterns,  fresh  from  the  workman's 
hand,  especially  if  of  mahogany  and  nicely  varnished, 
excite  general  admiration.  It  is  a  job  easy  enough  to  doj 
but  you  must  know  the  way :  that  way  is  what  I  shall  en- 
deavor to  elucidate. 

Fig.  205  is  a  sectional  elevation  and  plan  of  a  bevel 
pinion  ;  the  construction  of  the  body  does  not  differ  mate- 
rially from  that  of  a  spur.  We  may  commence  building  up, 
if  the  pinion  is  of  such  size  as  to  require  building,  from  the 
small  side,  A  B,  for  the  reason  that  it  is  desirable  and  con- 
venient to  turn  the  part,  where  the  teeth  are  to  he,  last, 
when  the  building  is  completed ;  or  if  it  is  a  solid  liiece, 
we  begin  by  turning  off  tQ  t]l&  line,  D  C  3  then  reverse  on 
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the  chuck  and  turn  A  B, 
core  pivot;  set  a  bevel 
to  the  angle,  A  B  C,  on 
the  drawing,  and  turn 
the  circumference  to  it 
and  at  the  same  time  to 
the  required  diameter, 
making  it  perfectly  true 
and  straight  for  the  re- 
ception of  the  teeth. 
Very  little,  if  any,  sand- 
papering is  to  be  done  on 
this  part — ^it  destroys  the 
evenness  of  the  surface. 
With  a  fine  tracing 
point,  and  while  the 
lathe  is  in  motion,  mark 
a  line  near  to  D  C  on  the 
circumference,  or,  i^roper- 
ly  speaking,  the  face. 
Upon  this  line  the  pitch- 
ing or  dividing  is  made, 
to  determine  the  position 
of  the  teeth ;  divide  this 
line  into  as  many  parts 
as  it  is  desired  to  have 
teeth.  It  often  happens 
in  performing  this  divi- 
sion that,  having  ijassed 
the  compasses  around 
the  piece,  we  do  not  fall 
exactly  into  the  starting 
point,  but  yet  are  so  near 
that  we  cannot  shift  the 
compasses,  even  if  they 


a  slight  recess  for  the 
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are  furnislied  with  slow-motion  screw,  witliout  making 
the  error  greater.  The  usual  way  of  overcoming  this 
diflaculty  is  to  give  the  compass  points  a  few  slight 
rubs  upon  the  oilstone,  inside  or  out,  according  as  we 
wish  either  to  enlarge  or  diminish  the  distance  between 
them. 

When  a  pair  of  bevel  gears  are  geared  together,  all  the 
teeth  on  each  wheel  incline  towards  a  single  point ;  this 
point  is  where  the  axial  lines  of  the  shafts  would  meet  if 
produced.  In  order  to  give  this  direction  to  the  teeth  of  a 
bevel  wheel  or  pinion,  we  must  set  them  square ;  but  to 
an  article  of  the  shape  we  have  produced,  an  ordinary 
square  cannot  be  applied  in  this  case,  and  the  workman 
calls  to  his  aid  one  of  the  simplest  problems  in  practical 
geometry — namely,  to  erect  a  perpendicular  to  a  given 
line.  This  is  illustra  ted  in  Fig.  206,  where  the  whole  outhne 
is  supposed  to  represent  the  turned  body  of  the  pinion. 


A  B  is  the  line  passing  around  it,  of  which  we  have  pre- 
viously spoken.  In  it  take  any  point,  G ;  it  may  be  one  of 
the  points  already  made  in  pitching  off.  With  0  as  a  cen- 
ter, and  at  any  distance  convenient,  mark  D  and  D ;  with 
D  and  D  as  centers,  and  at  any  suitable  distance,  mark 
the  arcs  which  intersect  at  the  point  F.  Join  F  C ;  it  is  the 
perpendicular  line  required.  As  it  would  be  too  trouble- 
some to  go  through  this  operation  for  every  tooth  on  the 
wheel  or  pinion,  a  square  has  to  be  made,  such  as  shown 
in  Fig.  207  j  the  back  is  generally  a  piece  of  pine  gaged 
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to  fit  the  edge  of  the  rim  or  face  j  a  hard  wood  blade  is 
screwed  to  it,  so  that,  when  the  back  is  applied  to  the  rim, 
the  blade  may  be  made  to  coincide  with  the  perpendicular 
line  F  C ;  all  the  rest  of  the  perpendi- 
culars required  at  the  points  of  division 
are  traced  by  this  square.  Another 
method,  even  more  simijle,  is  to  plane 
a  piece  of  thin  wood  to  lie  upon  the 
hand-rest  of  the  lathe,  so  as  at  the 
same  time  to  coincide  with  the  jier- 
pendicular  drawn  by  the  aid  of  the 
compasses ;  it  is  then  correct  for  trac- 
ing the  others.  This  arrangement  is 
shown  in  Fig.  209. 

If  we  intend  simply  to  glue  and  brad  the  teeth,  we  pro- 
ceed to  make  blocks,  a  little  larger  every  way  than  the 


teeth  require  to  be,  hollowing  out  one  side  to  fit  the  cone 
of  the  body  of  the  pinion.    These  blocks  are  glued  on  to 
the  lines ;  and  when  the  work  is  set,  it  is  returned,  this 
9** 
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time  setting  the  bevel  to  the  angle  E  F  G.  A  pitch  line 
must  be  traced  on  each  side ;  redivide  and  draw  in  the 
outline  of  the  teeth  on  the  larger  side ;  then,  by  the  methods 
already  described  for  making  perpendiculars,  transfer  the 
points  of  the  teeth  to  the  small  side ;  then  complete  the 
outline,  following  out  the  same  principle  adoi)ted  in  trac- 
ing the  large  side— that  is  to  say,  taking  corresponding 
centers  and  distances  proportionate  to  the  diminished  size 
of  the  small  side  of  the  cone,  as  shown  in  Fig.  205,  where 
the  large  and  small  ends  of  three  teeth  are  set  out. 

When  the  subject  of  spur  pinions  was  under  considera- 
tion, I  deferred  making  any  remarks  upon  the  attachment 
of  teeth  by  dovetails,  until  bevel  gear  should  be  treated  on. 
Let  us  now  consider  the  advantages  and  disadvantages,  if 
any,  of  this  mode  of  fixing  the  teetli.  We  have  long  ago 
mentioned  the  property  which  wood  has  of  altering  its  size 
according  to  the  dryness  or  humidity  of  the  atmosphere, 
which  alteration,  though  considerable  across  the  grain,  is 
very  slight  in  the  direction  of  its  length.  Hence,  when 
teeth  are  glued  to  a  body,  the  grain  of  wliich  crosses  that 
of  tlie  teeth,  there  will  be  a  movement  between  the  two 
when  the  pattern  is  subjected  to  a  change  in  dampness  or 
dryness ;  the  dovetail  allows  freedom  for  any  mo\'ement 
from  these  causes,  retaining  the  tooth  in  its  position  under 
all  circumstances.  Should  the  mold  happen  to  break 
down  in  the  act  of  withdrawing  the  pattern,  it  may  be  re- 
stored to  a  considerable  extent  by  knocking  out  a  few 
teeth,  placing  them  in  the  damaged  impressions  left  by  the 
pattern,  and  beddnig  up  the  sand  around  them.  It  some- 
times happens  that  the  teeth  of  a  bevel  wheel  or  i)iuion 
will  be  too  much  undercut  to  leave  the  mold  without  dam- 
aging it;  this  method  will  admit  of  the  teeth  being  with- 
drawn hi  detail,  after  which  the  pattern  can  be  lifted 
without  difficulty.  To  counterbalance  these  advantages 
must  be  mentioned  the  extra  cost  inseparable  from  this 
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method  of  fixing  the  teeth.  This,  however,  is  really  a 
small  matter  when  dealing  with  pinions ;  and,  therefore, 
bevel  i^iuions  usually  have  their  teeth  attached  by  dove- 
tails, excepting  those  of  small  size.  If  it  is  decided  to  use 
dovetails,  we  proceed  as  follows :  The  body  of  the  pinion 
has  been  turned  and  divided,  and  the  iDorpendiculars  aU 
finely  drawn  in.  Cut  out  of  thin  wood  a  x)iece  of  the  size 
which  the  dovetails  are  intended  to  be,  which  is  such  that 
a  small  margin  of  tooth  may  be  left  on  each  side ;  set  the 
piece  on  the  rim,  at  a  distance  from  a  i^erpendicular  equal 
to  the  margin  allowed ;  set  it  by  the  square,  shown  in 
Fig.  207,  as  the  dovetail  must  have  such  a  taper  that  its 
sides  may  both  tend  towards  the  point  X,  before  alluded 
to,  namely,  the  intersection  of  the  axes  of  the  shafts.  This 
will  be  the  case  if,  when  one  side  of  the  dovetail  template 
has  been  set  square,  the  other  is  square  also.  By  this 
template,  lines  for  all  the  dovetails  are  scribed  on  the  face ; 
the  depth  is  laid  off  on  the  drawing  by  lines  tending  toward 
X ;  and  from  this  the  depth  of  each  end  of  the  recess  may 
be  gaged  on  the  pattern.  No  curvature  is  given  to  the 
bottom  of  this ;  it  is  pared  out  flat  with  the  chisel.  The 
dovetails  are  now  fitted,  and  left  projecting  above  the 
face  5  they  are  driven  moderately  tight ;  the  projecting 
jmrts  are  then  turned  off  level  with  the  rim. 

We  have  now  to  go  through  the  same  iirocess  as  before 
described  ibr  making  and  attaching  teeth.  When  the  glue 
is  well  set,  each  should  be  knocked  out,  numbered,  and 
the  dovetail  bradded.  Fig.  208  is  a  section  and  half  plan  of 
a  bevel  wheel.  In  the  latter  the  shape  of  the  teeth  is  not 
shown,  but  merely  their  thickness  at  the  pitch  line  ;  in  the 
sectional  view,  a  few  teeth  are  laid  out  in  i)rofile  upon  arcs 
struck  from  the  centers,  A  and  B,  which  are  the  points  of 
intersection  of  i>erpendiculars  from  the  ends  of  the  teeth 
(at  the  i)itch  line)  and  the  center  line.  In  the  section  on 
one  side  is  shown  a  series  of  rectangles,  numbered  from  1 
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to  5  5  these  represent  the  segments  of  which  the  rim  is  com- 
posed. It  is  true  that  they  might  be  made  more  nearly  to 
approximate  to  the  shape  of  the  rim  by  sawing  them  to  a 
bevel,  but  a  machine  suitable  for  this  is  not  in  every  shop ; 
and  when  it  is  considered  that  the  segments  themselves  are 


usually  not  more  than  |  inch  in  thickness,  it  will  be  seen 
that  the  additional  complication  counterbalances  the  saving 
in  lumber  and  tune  in  turning.  If,  however,  the  wheel  is 
very  large,  or  where  thick  segments  are  employed,  we  may 
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advantageously  saw  the  segments  to  a  bevel.  The  method 
described  for  turning  the  bevel  pinion  is  exactly  suitable 
for  the  wheel ;  the  arms  will  be  checked  together,  but  need 
not  be  built  into  the  rim,  unless  we  desire  an  exceptionally 
strong  pattern  ;  the  obliquity  of  the  rim  enables  us  to  get 
a  good  purchase,  by  means  of  screws  through  the  end  of 
each  arm  into  it.  Care  must  be  taken  to  have  the  ends  of 
the  arms  each  to  bear  properly  on  the  rim ;  otherwise  the 
rim  will  be  thrown  out  of  true  in  screwing. 

It  will  be  remembered  that,  in  treating  upon  the  spur 
wheel,  we  had,  in  forming  the  box  for  shaping  the  teeth, 
simply  to  draw  out  on  each  end  the  natural  size  of  the 
tooth,  that  is,  if  we  except  a  slight  diminution  towards  one 
end  for  draught ;  but  the  conical  form  of  a  bevel  wheel 
gives  a  little  extra  trouble.    In  Fig.  208  the  tooth  proper 
is  of  the  length  of  the  face  of  the  wheel,  as  seen  in  section. 
Now  all  lines  bounding  the  teeth  must  converge  to  the 
point  X ;  so  if  we  take  F  F  to  represent  the  length  of  the 
box,  we  must  strike  out  upon  the  large  end  an  enlarged, 
and  upon  the  small  end  a  diminished  tooth ;  then  by  plan- 
ing to  these  lines  we  shall  have  formed  such  a  box  that 
any  piece  shaped  in  the  gap  formed  in  it,  will  be  of  the 
proper  size  and  shape  for  a  tooth.   It  would  confuse  our 
engraving  too  much  were  we  to  attempt  to  show  the  en- 
larged and  diminished  tooth  on  the  ends  of  the  box ;  but 
the  principle  is  easily  understood,  as  we  have  but  tcfollow 
out  whatever  method  has  been  adopted  on  the  drawing  for 
producing  the  tooth  curves. 

THE  WORM,  OR  ENDLESS  SCREW. 

A  worm  pattern,  when  cut  by  hand,  involves  a  slow  and 
tedious  operation  ;  and  even  with  the  utmost  care  we  can 
scarcely  expect  to  produce  an  article  so  perfect  as  it  would 
be  if  cut  in  a  screw-cutting  lathe.   But  however  well 
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adapted  the  screw-cutting  lathe  maybe  for  producing  good 
screws  in  metal,  it  will  not  be  found  to  give  such  good 
results  when  wood  is  the  material  to  be  operated  upon; 
this  may  be  accounted  for  by  reason  of  the  high  speed 
required  to  make  a  clean  job  with  wood  in  a  lathe,  which  is 
altogether  incompatible  with  the  working  of  the  gearing 
necessary  for  cutting  screws,  at  least  of  such  fast  pitches  as 
are  usuaUy  required  for  worms.  Besides,  special  tools 
must  be  made  for  use  in  the  lathe,  conforming  to  the  shape 
of  the  tooth ;  for  a  worm  is  really  one  long  tooth  wound 
about  a  cylinder.  There  are  a  few  other  minor  difficulties 
attending  the  cutting  of  a  wooden  worm  in  a  screw-cutting 
lathe ;  and  when  all  are  considered,  it  is  doubtful  if  there 
is  much  gain  over  the  old-time  hand  method.  We  will, 
however,  describe  both : 

Let  Fig.  209  represent  the  complete  pattern.  To  make 
it  in  either  way,  take  two  pieces,  each  to  form  one  half  of 

jpr^,209:  pattern;  peg  and 

screw  them  together  at 
the  ends,  an  excess  of 
stuff  being  allowed  at 
each  end  for  the  accom- 
modation of  such  screws 
or  dogs,  if  the  latter 
are  more  convenient,  as 
they  might  be  in  a  large  pattern.  Turn  the  piece  down  to 
the  size  over  the  top  of  the  thread,  after 
which  the  prints,  P  P,  are  turned.  Sup- 
posing it  to  be  determined  to  cut  the  thread 
in  a  lathe,  we  must  have  ready  a  few  tools 
adapted  for  the  work ;  the  first  of  which  is 
the  parting  tool,  very  similar  to  a  parting 
tool  for  brass.  Fig.  210 — namely,  flat  and 
level  on  the  cutting  face,  but  with  a  great  deal  more  bot- 
tom rake,  as  strength  is  not  so  much  an  object,  and  the 
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tool  is  more  easily  sharpened.  We  liave  also  in  addition 
a  little  projection,  like  the  point  of  a  penknife,  formed  by 
filing  away  the  steel  in  the  center ;  these  points  are  to  cut 
the  fibres  of  the  wood,  the  severed  portion  being  scraped 
away  by  the  flat  part  of  the  tool.  We  must  not  forget 
to  give  a  side  rake  to  the  tool  corresponding  to  the  pitch 
we  have  to  cut ;  and  the  width  of  the  tool  is  to  be  a  shade 
narrower  than  the  space  in  the  worm  at  the  narrowest 
part,  which  is  generally  at  the  root  of  the  tooth.  Having 
suitably  adjusted  the  change  wheels  to  the  pitch  required, 
we  drive  down  the  parting  tool  until  the  leading  pokits 
are  on  a  level  with  what  is  to  be  the  bottom  of  the  spaces  5 
a  parting  tool  without  cutting  points  is  now  adjusted,  and 
the  space  made  of  the  required  depth.  We  now  have  cut 
a  worm  with  a  square  thread ;  and  it  remains  to  finish  to 
the  required  form  of  tooth.  To  do  this,  some  have  essayed 
a  tool  such  as  shown  in  Fig.  211 ;  but  this 
will  not  work,  for  the  reason  that  it  is  end 
wood  which  we  have  to  cut.  Were  we  cut- 
ting across  the  grain— as,  for  instance,  in 
making  the  groove  with  the  parting  tool- 
then  the  one  shown  in  Fig.  211,  which  is 
nothing  but  a  scraper,  would  act  very  well. 
The  tool  shown  in  plan  and  section,  Fig.  212, 
has  a  keen  edge  imparted  to  it  by  piercing  a  hole  through 
the  steel  and  fihug  to  a  bevel ;  it  must 
then  be  nicely  oilstoned.  The  only  ob- 
jection to  this  tool  is  the  difficulty  of 
shaipening  it.  We  ought  not  to  suffer 
both  sides  of  the  tool  to  cut  at  once  ;  in 
fact,  the  tool  itself  should  not  be  made 
quite  so  wide  as  the  space  it  has  to  finish. 
Furthermore,  if  the  pattern  is  very  large, 
it  will  be  necessary  to  have  two  tools  for  finishing— one  to 
cut  from  the  pitch  line  inwards,  and  the  other  to  complete 


21G 


PATTERN  MAJOSR'S  ASSISTANT. 


the  form  from  the  pitch  line  outwards.  It  is  advisable  to 
use  hard  wood. 

If  it  is  decided  to  cut  the  thread  by  hand,  then — ^the  pat- 
tern being  turned  as  before — separate  the  two  halves  by 
taking  out  the  screws  at  the  ends ;  select  the  half  that  has 
not  the  pegs,  as  being  a  httle  more  convenient  for  tracing 
lines  across.  Set  out  the  sections  of  the  thread.  A,  B,  0, 
and  D,  Fig.  213,  similar  to  a  rack ;  through  the  centers  of 

^ur.2I3.  ^'     ^'  square 

uf  lines  across  the  piece. 

These  lines,  where  they 
intersect  the  pitch  line, 
will  give  the  centers  of 
spaces  on  that  side ;  or 
if  we  draw  liues,  as  at 
E,  F,  through  the  cen- 
ters of  the  spaces,  they 
will  pass  through  the 
centers  of  the  teeth  (so  to  speak)  on  the  other  side.  In 
this  position  complete  the  outhne  on  that  side.  It  will  be 
found,  in  drawing  these  outlines,  that  the  centers  of  some 


of  the  arcs  will  lie  outside  the  pat- 
tern. 


JS      '^C  Jf 


To  obtain  support  for  the 
compasses  we  must  fit  over  the  pat- 
tern a  piece  of  board,  such  as  shown 
by  dotted  liues  at  G  H. 

We  have  now  to  draw  in  the  top 
of  the  thread  upon  the  curved  sur 
face  of  the  half  pattern .  For  this 
purpose  we  take  a  piece  of  stiff  card 
or  other  flexible  material  (see  Fig. 
214),  we  wrap  it  around  the  pattern 
and  fix  it  temporarily  by  tacks,  trim  off  the  edges  true  to 
the  i>attern,  and  mark  upon  the  edges  of  the  card  the  po- 
sition of  the  tops  of  the  thread  upon  each  sidej  we  remove 
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the  card  and  spread  it  out  on  a  flat  surface,  join  the  points 
marked  on  the  edges,  as  in  Fig.  215,  replace  the  card  ex- 
actly as  before  upon  the  pattern,  and  with  a  fine  scriber 
we  prick  through  the  lines.  The  cutting  out  is  commenced 
by  sawing,  keeping  of  course  well  within  the  lines ;  and  it 
is  facilitated  by  attaching  a  stop  to  the  saw,  so  as  to  insure 
cuttmg  at  all  parts  nearly  to  the  exact  depth.  This  stop 
is  a  simple  strip  of  wood  and  may  be  clamped  to  the  saw, 
though  it  is  much  more  convenient  to  have  a  couple  of 
holes  in  the  saw  blade  for  the  passage  of  screws.  For  fin- 
ishing, a  pair  of  templates,  Fig.  215,  right  and  left,  will  be 
found  useful;  and  finally  the  JFU^.ZIS 
work   should  be  verified  and 


slight  imperfections  corrected  by 
the  use  of  a  form  taking  in  three 
spaces,  as  shown  in  Fig.  216.  In 
drawing  the  Unes  on  the  card,  we  must  consider  whether  it 
is  a  right  or  left  handed  worm  that  we 
Jfgr^/^  deske.  In  the  engravings,  the  full  lines 
are  those  suitable  for  a  right,  and  the 
dotted  lines  for  a  left  handed  thread. 
Having  completed  one  half  of  the  pat- 
tern, place  the  two  halves  together;  and  trace  off  the  half 
that  is  uncut,  using  again  the  card  template  for  drawing 
the  lines  on  the  curved  surface.  The  cuttmg  out  will  be 
the  same  as  before. 

Another  and  very  quick  method  of  making  a  worm  pat- 
tern is  to  turn  down  the  body  of  the  pattern  to  the  diameter 
of  the  bottom  of  the  thread  or  worm,  and  to  then  turn  up 
some  rings  whose  bore  must  be  the  same  in  diameter  as 
the  bottom  of  the  worm.  Now,  suppose  we  cut  one  of  these 
rings  in  four  quarters,  and  fasten  one  section  to  the  body  of 
the  pattern,  then  put  on  the  next  section,  not  fan-  with  the 
first  but  as  much  to  one  side  as  the  pitch  of  the  thread  re- 
quires, and  continuing  this  process  the  thread  may  be  fas- 
10 
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tened  to  the  body.  It  is  obvious,  however,  that  the 
thickness  of  the  washers  must  be  greater  than  the  thickness 
of  the  thread,  but  what  theii'  thickness  requires  to  be  de- 
pends on  how  many  sections  it  is  intended  to  cut  them  up 
into.  It  is  best  to  so  regulate  the  thickness,  however,  that 
the  corner  of  each  section  on  one  side  shall  represent  the 
exact  pitch  of  the  worm,  so  that  the  corners  will  act  as  a 
guide  in  cutting  the  thread. 
Tlie  accompanying  illustration  (Fig.  217)  represents  a 


very  serviceable  article  for  those  who  may  be  called  upon 
to  lay  out  gearing.  It  is  not  new  to  the  mechanical  world, 
but  as  the  author  never  happened  to  meet  with  but  one 
man  who  actually  had  made  himself  a  scale  of  this  kind,  he 
considers  it  will  prove  a  novelty  to  a  large  class  of  pattern 
makers. 

Draw  the  lines  A  B  and  A  0  at  right  angles  to  each 
other.  Make  AB  equal  to  three  inches;  the  line  A  C  may 
be  any  convenient  length,  say  six  inches,  as  by  observing 
this  proportion  the  scale  will  be  in  addition  a  very  useful 
set  square,  with  the  angles,  at  B  and  C,  00°  and  30°  re- 
spectively. Join  B  C ;  divide  A  B  into  15  parts ;  from  C 
draw  lines  to  the  fifth,  sixth,  seventh  and  eighth  parts,  as 
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in  the  figure.  Divide  A  C  into  as  many  parts  as  there  are 
inches  in  A  B,  number  the  divisions,  and  erect  perpendicu- 
lars to  A  B.  These  are  for  the  even  inch  pitches.  To  make 
the  scale  serviceable  for  the  fractional  parts,  divide  and 
subdivide  again,  and  erect  a  perpendicular  at  each  division. 
This  process  in  our  figure  is  carried  out  to  quarter  inches. 
It  may,  however,  be  further  extended,  if  desired ;  but  inas- 
much as  it  is  so  little  trouble  to  draw  a  perpendicular  at 
any  time  for  any  fractional  pitch  required,  it  may  be  pre- 
ferred by  some  that  the  scale  should  not  be  overcrowded 
with  lines. 

Brass  is  probably  the  most  suitable  material,  as  it  takes 
the  lines  readily,  does  not  oxidize,  and  is  sufficiently  hard 
to  stand  considerable  wear. 

The  method  of  using  this  scale  wiU  be  clear  from  the  fol- 
lowing example.  Let  O,  Fig.  218,  be  the  center  of  a  tooth 


wheel  or  pinion,  and  F  P  the  pitch  circle,  which  we  will 
suppose  already  divided  off,  and  that  the  pitch  is  one 
inch;  on  the  perpendicular  marked  take  with  the  com- 
passes the  distance  up  to  line  5,  and  set  this  off  outside  the 
pitch  for  the  tops  of  the  teeth  ;  on  the  same  perpendicular 
take  the  distance  up  to  line  6,  and  mark  this  inside  the 
pitch  circle  for  the  roots  of  the  teeth.  With  center  O,  and 
the  points  so  found  as  distances,  describe  circles. 
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Make  the  thickness  of  the  tooth  equal  to  the  distance 
on  the  scale  up  to  line  7 ;  the  width  of  the  space  will  then 
be  equal  to  the  distance  up  to  line  8— all,  of  course,  mea- 
sured from  the  base  line,  A  C. 

Scales  upon  this  principle  may  be  made  to  accommodate 
any  preferred  proportions  of  the  teeth  of  wheels. 


CHAPTEE  Xr. 


PATTERN  FOB  SECTION  MOLDINGf. 

For  the  sake  of  durability,  patterns  for  pulleys  are  gen- 
erally made  of  cast  iron.  For  convenience  in  molding  it 
is  usual  to  make  them  in  halves,  as  shown  in  Fig.  220, 
A  B  being  the  line  of  division.  The  hubs  are  of  wood,  as 
they  frequently  have  to  be  changed  to  suit  different  sizes 
of  shafts. 

We  may  commence  by  building  up  a  wooden  pattern  for 
half  of  the  rim,  making  it  of  such  a  size  as  to  allow  for  its 
being  turned  by  the  machinist  after  being  cast.  Two  cast- 
ings having  been  taken  from  this  pattern,  they  are  bored 


and  turned  to  equal  dimensions,  the  proper  draught  for 
molding  being  given  in  the  process.  A  sHght  projection 
is  turned  upon  one  half,  fitting  into  a  recess  on  the  other, 
as  shown  at  B.  When  placed  together,  the  two  halves  form 
the  whole  rim.  The  cast  iron  arms  may  be  made  either 
the  full  thickness  or  in  halves.  If  made  the  full  thickness, 
they  will  be  fixed  to  one  of  the  half  rims.  As  half  the 
thickness  of  the  arms  is  made  to  project  beyond  the  half 
rim,  it  will  form  a  guide  to  keep  the  two  rims  central,  so 
that  in  this  case  the  projection,  shown  at  B,  need  not  bo 
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made.  Tbe  arms  are  fitted  to  the  ring  by  turning,  and  at 
the  same  time  a  hole  is  bored  through  the  center  to  form  a 
guide  for  the  hub,  as  shown  at  P  in  the  cut.  When  the 
arms  are  cast  in  two  halves,  and  a  half  fitted  in  each  rim, 
the  pattern  is  easier  to  mold,  as  a  level  parting  is  secured. 
The  rims  must  not  only  be  kept  central  but  be  prevented 
from  turning  one  on  the  other ;  hence  the  necessity  for  the 
hole  to  contain  a  pin,  as  shown  at  P.  For  convenience  in 
drawing  the  pattern  out  of  the  sand,  a  couple  of  holes  may 
be  bored  and  tapped  three  eighths  or  half  an  inch,  or  larger 
if  thought  necessary,  near  the  rim,  diametrically  opposite 
each  other. 

Occasions  often  occur  when  it  is  inexpedient  to  go  to  the 
expense  of  a  pattern  for  making  a  pulley,  especially  if  the 
pulley  be  large  and  only  one  or  two  castings  required.  In 
this  case  we  may  make  use  of  the  following  contrivance, 
though  it  must  not  be  expected  that  as  well  shaped  cast- 
ings can  be  made  with  it  as  from  a  finished  pattern. 

Fig.  221  illustrates  by  two  views  the  apparatus  as  made 


"wholly  of  -wood.  A  is  a  piece  shaped  to  the  circle  of  the 
pulley.  It  is  supposed  to  be  large  enough  to  extend  at 
least  about  a  sixth  of  its  circumference ;  the  depth  of  A  is 
equal  to  the  width  of  tbe  rim.   B  forms  a  connection 
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between  it  and  the  center,  where  the  print,  P,  is  fastened. 
3  S  are  simply  braces  to  stiffen  the  frame,  the  use  of  which 
will  presently  be  described. 

A  core  box  must  now  be  made,  embracing  a  section  of 
the  interior  of  the  pulley.  If  the  pulley  is  to  have  six  arms, 
the  core  box  will  take  up  a  sixth  of  the  interior ;  if  four 
arms,  a  fourth.  We  will  suppose  the  pulley  is  to  have 
six  arms.   The  core  is  made  as  shown  in  Fig,  222.  A  B 


represents  the  arm  of  the  pulley  passing  through  the  cen- 
ter of  the  box ;  from  C  to  D  is  exactly  a  sixth  part  of  the 
inner  circumference  of  the  rim.  A  sixth  part  of  the  hub  is 
fixed  in  the  other  corner.  The  piece  C  D  is  loose  at  the 
joints,  as  it  is  necessary  to  take  it  off  to  get  out  the  core. 
The  arm  also  is  loose.  When  the  core  is  made  in  this  box, 
the  arm  A  B  is  first  pulled  out ;  then  the  piece  C  D  ii\ 
removed,  and  afterward  the  other  pieces.  The  hollov.s 
around  the  ends  of  the  arms  may  easily  be  formed  by  the 
core  maker,  or  they  may  be  formed  in  the  box,  as  seen  in 
rig.  222.  The  hollow  or  fillet  at  the  end  of  the  arm  near 
the  center  must  be  worked  out  solid  with  the  arm  itself, 
while  that  which  is  at  the  circumference  is  worked  in  a 
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piece  fixed  to  C  D,  the  arm  being  diminished  so  as  to 
center  this  piece  without  making  a  feather  edge.  A  plain 
straight  arm,  oval  in  section,  is  the  cheapest  and  most  con- 
venient for  pulleys  made  in  this  way.  It  may,  however,  be 
curved  hke  the  arc  of  a  circle,  but  not  made  S-formed,  as 
it  could  not  then  be  drawn  out  from  the  sohd  core. 

The  molder,  having  prepared  a  level  bed,  places  upon 
it  the  frame,  Fig.  221,  allowing  the  j)rint  to  impress  itself 
in  the  sand ;  a  weight  is  then  placed  upon  the  frame  to 
keep  it  in  position  while  the  sand  is  piled  around  the  curve 
and  made  level  at  the  full  height  of  the  same.  The  frame 
is  then  shifted,  and  the  sand  molded  in  again.  This  pro- 
cess is  repeated  until  the  circle  of  the  pulley  is  finished. 
Into  the  mold  so  prepared  must  now  be  placed  six  cores, 
made  in  the  box  described  in  Fig.  222,  and  also  the  core  to 
make  the  hole  for  the  shaft.  The  whole  is  then  covered 
with  a  level  cope,  and  prepared  for  the  casting. 


CHAPTER  XVI. 


COGGING. 

The  term  cogging  is  applied  by  pattern  makers  and 
wlieelwrights  to  tlie  process  of  furnishing  wooden  teeth  to 
iron  wheels,  in  the  rim  face  of  which  are  cast  mortises  to 
receive  the  wooden  cogs.  The  term  cog  is  applied  to  the 
piece  of  wood  out  of  which  the  tooth  is  formed.  This  in- 
cludes the  shank  fitting  into  the  mortise,  together  with  the 
tooth  projecting  from  the  face  of  the  wheel.  The  term 
tooth  denotes  the  part  forming  the  tooth  independently  of 
the  part  fitting  into  the  mortise. 

The  object  of  using  cogged  wheels  is  to  avoid  the  jar  and 
noise  incidental  to  the  use  of  large  cast  gear  wheels,  which 
it  is  found  impracticable  to  cast  true.  If  the  wheel  is  cast 
from  a  wooden  pattern,  this  pattern  is  liable  to  wari). 
Furthermore,  the  rapping  of  the  pattern  in  the  mold  tends 
somewhat  to  destroy  the  truth  of  the  mold.  Even  if  these 
elements  of  error  are  eliminated  in  making  the  mold  by 
using  a  molding  machine,  the  unequal  shrinkage  of  the 
casting  induces  untruth.  After  a  gear  wheel  is  cast,  the 
face  is  then  to  be  turned  true.  While  in  the  lathe  a  circle 
may  be  made  for  the  bottom  of  the  teeth,  and  another  for 
the  pitch  line.  Other  circles  may  be  made  as  are  deemed 
necessary  as  guides  for  adjusting  the  instrument  used  to 
form  the  outlines  of  the  teeth.  The  wheel  may  be  marked 
off  as  carefully  as  can  be,  and  the  teeth,  after  marking,  may 
be  chipped  and  filed  to  the  lines  j  but  it  is  not  found  in 
ordinary  practice  that  by  any  such  means  a  degree  of  truth, 
sufficient  to  avoid  jar  and  noise,  is  attamable.  This  is  es- 
pecially the  case  with  large  wheels,  and  cogging  is  resorted 
to.    It  is  usual  to  cog  the  large  wheel  of  a  pair  that  ruu 
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together,  and  to  make  the  wood  teeth  thicker  across  the 
pitch  Hue  than  the  iron  one.  If  two  cast  wheels  are  made 
to  run  together,  there  is  usually  given  a  certain  amount  of 
clearance  between  the  spaces  and  the  teeth  ;  whereas,  when 
a  cogged  wheel  is  employed,  this  clearance  is  dispensed 
with,  and  back  lasli  is  avoided.  The  woods  generally  used 
for  cogging  are  hornbeam,  hickory,  buttonwood  or  syca- 
more, maple,  and  locust.  The  blocks  for  the  cogs  should 
be  cut  out  and  kept,  so  as  to  thoroughly  season  before  being 
used.  There  should,  when  there  is  likely  to  be  a  demand 
for  them,  always  be  kept  a  spare  set  of  cogs,  so  that  they 
will  be  ready  for  use,  well  seasoned  and  less  liable  to  shrink, 
and  thus  come  loose  in  the  mortises. 

When  the  cast  wheel  arrives  from  the  foundry,  it  is  taken 
to  the  machine  shop,  bored  and  turned  across  the  face. 
The  mortises  receive  a  little  attention,  burrs  and  sprue  fins 
are  removed,  the  rough  places  leveled,  etc.   If  it  should 


1)6  found  that  any  of  the  mortises  are  "blind,"  that  is, 
stopped  by  the  arms  of  the  wheel,  as  shown  at  A,  Fig.  223, 
a  circumstance  which  is  avoided  as  much  as  possible  in  the 
designing  of  the  wheel,  a  small  hole  must  be  made  through 
the  rim  to  admit  of  the  i)assage  of  a  M  ire  or  screw.  The 
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first  step  taken  toAYaid  getting  out  the  wood  teetli  is  to 
obtain  the  exact  size  and  shape  of  the  mortises.  For  this 
purpose,  if  the  wheel  is  a  spur,  we  must  cut  out  two  pieces 
of  thin  wood,  as  templates  to  fit  the  mortise,  one  represent- 
ing the  length  of  the  mortise,  as  in  Fig.  224,  and  the  other 
its  width.  The  templates  must  be  tried  in  several  holes, 
so  as  to  insure  their  being  the  correct  size,  ah  c  d,  Figs. 
225  and  220,  represent  one  of  tbese 

templates.  From  it  we  get  the  J^iff.^^. 
size  of  the  rough  cogs.  Add  above 
6  c  the  height  of  the  finished  tooth, 
and  from  a  quarter  to  half  an  inch 
more,  according  to  the  size  of  the 
wheel,  to  allow  for  turnhig  off. 
Make  a  good  allowance  in  this  di- 
rection, as  also  at  the  other  end  of 

the  piece,  for  the  wood  may  be  bruised  by  the  hammer  in 
driving  the  cogs  in  and  out.  The  size  of  the  cog  is  sliown 
at  c  /  7i,  the  length  /  g  being  that  of  the  finished  toath, 
and  not  less  than  i  inch  allowed  on  each  side  for  turning. 
To  obtain  the  thickness,  take  that  of  the  finished  tooth, 
shown  at  C,  Fig.  223,  at  the  thickest  part,  and  allow 
about  \  inch  of  a  side  for  trimming. 

Having  now  the  full  size  and  thickness,  cut  out  the 
number  of  cogs  required,  with  three  or  four  spare  ones, 
as  some  may  be  split  or  possess  some  defect.  To  avoid 
damaging  the  teeth,  a  broad,  fiat-faced,  heavy  hand-ham- 
mer should  be  used  to  drive  them  with. 

It  is  taken  for  granted  that  a  circular  saw  bench  is 
accessible,  for  without  this  cogging  is  made  witli  dilficulty. 
Have  the  saw  in  good  order,  and  mount  upon  it  a  simple 
contrivance  for  shanking  the  cogs.  It  is  composed  of  a 
box  and  two  guides.  These  are  illustrated  in  Figs.  227, 
228,  and  230,  the  parts  throughout  being  marked  with  the 
same  letters, 
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Make  A  G  perpendicular  with  E  F.  Let  E  F  be  the 
height  the  saw  stands  above  the  table,  which  should  be 

a  little  higher  than  the 
7.  length  of  the  shank  of 

the  cog.  To  the  line 
E  F  apply  the  form 
or  template,  a  6  c  tZ,  of 
the  width  of  the  shank. 
Produce  the  top  line  of 
this  form,  and  it  is 
the  top  of  the  guides. 
Make  the  guide  C  at 
such  a  distance  from  the  saw  as  to  admit  of  the  passage 
of  the  cogs  the  widest  way.  Make  a  box  composed  of  two 
pieces,  one  piece  being  of  sufficient  thickness  to  take  in  the 
whole  rough  tooth  of  a  cog  in  a  mortise  cut  through  the 
center  of  it,  as  indicated  by  the  dotted  lines  in  Figs.  231 
and  232,  and  shown  in  full  in  Fig.  234.  The  thin  piece  T 
forms  a  backing  to  stop  the  cog  in  the  mortise ;  it  also,  by 
being  placed  with  the  grain  in  an  opposite  direction  to  that 
of  the  box  and  screwed  firmly,  adds  much  to  the  strength 
of  the  box,  and  enables  it  to  resist  the  strain  of  the  binding 
screw  S,  by  which  the  cogs  are  held  while  being  sawed. 
Having  the  thickness  of  the  box,  lay  it  off  upon  the  oppo- 
site side  of  E  F,  and  draw  the  guide  D  ;  if,  as  at  G,  in  Fig. 
234,  the  size  of  the  top  of  the  shank  be  laid  down,  then 
the  distance  from  it  to  the  sides  and  ends  of  the  box  must 
be  equal  to  E  F,  the  height  of  the  saw  above  the  table. 
Having  the  size  of  the  box,  we  can  now  mark  the  position 
of  the  guide  H. 

Eight  movements  with  the  box  over  the  saw  shanks  the 
cog ;  two  movements,  as  in  Fig.  231,  make  slits  through 
the  width  of  the  stuff  and  bring  it  to  the  right  thickness ; 
at  Fig.  232,  two  movements,  with  the  box  held  in  the 
direction  shown,  bring  the  shank  to  the  width.   The  box 
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is  now  to  be  lield  with  one  of  its  edges  on  the  table  and 
passed  between  the  guide,  D,  and  the  saw.  It  is  to  be 
passed  through  four  times.   A  slab  is  detached  each  time. 


Figs.  229  and  230  illustrate  two  of  these  positions ;  and 
after  turning  the  box  upside  down,  the  other  two  move- 
ments may  be  performed. 

Having  now  completely  shanked  one  cog,  it  must  be 
compared  with  the  templates  and  tried  in  the  mortises. 


X 

Care  and  patience  at  this  time  may  save  hours  of  labor  in 
fitting.  Proceed  now  to  fit  the  cogs  to  the  mortises,  as  at 
B,  Fig.  223,  driving  them  tightly,  and  leaving  them  with 
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their  shoulders,  say,  i  inch  above  the  rim  at  the  widest 
part.  Use  raw  linseed  oil  to  lubricate  the  surfaces  while 
driving.  All  the  cogs  being  now  driven  into  then-  places, 
take  a  little  instrument,  shown  in  Fig.  224,  called  a  fork 
scriber,  and  with  this  trace  a  line  upon  the  shoulder  of 
each  cog  by  allowing  one  prong  to  travel  along  the  turned 
face  of  the  wheel  while  the  other  is  pressed  against  the 
wood.  The  shanks  of  the  cogs  must  also  be  marked  with 
a  common  scriber  where  they  project  through  on  the 
under  side  of  the  rim. 

Number  all  the  cogs  with  a  pencil,  and  number  two  of 
the  mortises  with  a  center  punch  or  stamp,  to  show  the  di- 
rection of  the  numbering.  Now  drive  out  all  the  cogs  and 
"  shoulder  "  them,  that  is,  dress  the  shoulders  to  the  fork- 
scribe  line,  so  that,  when  driven  in,  the  shoulders  will  fit 


will  come  when  the  cog  is  next  driven  in,  for  of  course  it 
will  be  driven  just  as  much  fiu-ther  as  the  distance  be- 
tween the  two  points  of  the  fork  scriber.  In  Fig.  223 
observe  the  pin,  P,  the  top  of  which  Ues  against  the  rim  ; 
so  in  finding  the  center  of  the  hole  for  the  pin,  we  must 
place  it  nearly  one  half  the  diameter  of  the  v/ire  be- 
low the  fork-scribe  line.  Make  this  nearly  so  as  to  have  a 
little  draw  on  the  cog,  and  insure  that  the  wire  pin  shall 
touch  the  rim.   Then  when  the  cogs  shrink  and  become 


the  face  of  the  wheel. 
This  being  done,  mark 
a  mark  on  the  shank; 
into  this  mark  on  both 


^  edges  of  the  cog  insert 
^  the  fork  scriber,  and 
^      scribe  a  line  parallel  to 


-Zf  the  first  but  nearer  up 
to  the  shoulder.  This 
^  line  shows  where  the 
under  side  of  the  rim 
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loose  in  tlieir  mortises,  as  they  often  will,  the  pins  will  at 
least  keep  the  shoulders  in  contact  with  the  rim.  Cogs  in 
blind  mortises  are  made  to  fit  at  the  first  drive  and  not  re- 
moved, unless  from  some  oversight  it  is  inevitable.  Care- 
fully examine  the  hole  and  remove  lumps  or  cut  away  the 
wood  to  escape  them,  and  gage  the  size  and  depth  of  the 
hole.  Do  this  to  avoid  the  uni^leasantness  of  having  to 
draw  the  cog  when  once  driven  in. 

The  cogs  may  now  be  bored  for  the  pin.  This  is  most 
rapidly  performed  by  running  a  boring  bit  in  the  lathe. 
The  ordinary  i)in  bit  will  do,  but  let  it  be  so  pointed  as  not 
to  run  away  from  the  center  mark  made  with  a  center 
punch.  It  should  be  lubricated  with  tallow  or  beeswax 
very  frequently,  or  the  temper  will  be  drawn,  because  the 
material  is  so  hard  and  the  speed  so  high.   It  takes  too 


much  time  to  run  the  lathe  mandrel  back  and  forth  by 
means  of  its  screw ;  therefore,  to  remove  the  cap  and  wheel, 
fit  a  wooden  knob  or  handle  on  the  end  of  the  screw  and 
work  the  mandrel  by  hand.  This  will  be  clearly  under- 
stood by  turning  the  attention  to  Fig.  233.  E  is  the  run- 
ning head  with  bit  held  by  a  chuck  G,  the  cog  T,  tail- 


I 
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stock  W,  tlie  knob  of  avoocI.  This  method  bores  the  cogs 
rapidly  and  straight.  The  cog  when  bored  half  way  may 
be  reversed  and  the  rest  of  the  boring  completed  from  tho 
other  side. 

The  next  process  is  to  saw  the  shanks  off  to  an  equal 
length,  measured  from  the  shoulders  which  have  been 
dressed.  In  Fig.  234,  S  is  the  circular  saw,  F  a  guide 
strip,  B  a  planed  board,  II  a  handle,  T  a  stop.  The  cog 
G  is  shown  with  its  shoulders  resting  against  the  edge  of 
tho  board  and  its  side  against  the  stop.   In  this  position 


it  is  held  firmly  by  the  left  hand,  the  right  hand  seizes  the 
handle  and  pushes  toward  the  saw.  A  second  stop  is 
shown  at  O  j  it  is  fixed  to  the  table  to  prevent  the  board 
by  any  iuadvmtence  from  being 
pushed  too  far.  The  ends  of  the 
shanks  may  now  be  rounded  at  the 
corners,  or  chamfered  to  give  them  a 
presentable  appearance,  and  the 


cogs  are  ready  to  be  again  driven 
into  the  wheel.  A  mixture  of  white 
lead  and  boiled  linseed  oil  is  to  be 
made,  of  the  consistence  of  thick 
paint.  This,  with  a  piece  of  stick  or 
brush,  is  applied  to  that  part  of  the 
shank  which  remains  in  the  rim. 
Each  cog  is  then  driven  into  the 
mortise,  to  which  it  was  fitted,  and  which  may  be  known 
by  the  number  marked  on  it.   Insert  the  pins — ^pieces  of 
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strong  wire,  pointed  like  a  center  punch;  these  are 
in  length  somewhat  less  than  the  rim  is  wide,  but  longer 
than  the  tooth.  The  wheel  now  goes  to  the  turning  shop, 
where  the  teeth  are  turned  to  the  proper  size  and  the 
pitch  lines  marked.  Upon  its  return  it  is  divided  off, 
the  outlines  of  the  teeth  drawn  on  both  sides,  and 
the  excess  of  stuff  removed  with  chisel  and  gouge.  If 
it  is  possible  to  remove  a  portion  with  a  good  sharp  hand- 
saw, that  may  be  done,  as  much  time  may  be  saved 
thereby.  When  the  teeth  are  all  formed,  filed,  and  sand- 
papered, tl^y  may  receive  a  few  good  soakings  of  raw  lin- 
seed oil. 

In  bevel  wheels  the  mortise  is  narrower  at  one  end  than 
at  the  other  J  as  shown  in  Fig.  235.  It  follows  that  the 
shanks  of  the  teeth  must 
be  made  to  fit ;  therefore  an 
extra  template  must  be 
made,  so  as  to  have  one 
for  each  end  of  the  mortise. 
The  shape  of  the  mortise, 
or  in  other  words,  the  top 
of  the  shank  and  its  size, 
is  to  be  laid  down  as  in 
Fig.  232,  and  the  distance 
E  F  (the  length  of  the  top 
of  the  circular  saw  from  the 
saw  to  the  table)  laid  off 
on  all  sides,  so  that  the  box  wiU  assume  a  shape  corre- 
sponding to  that  of  the  shank,  the  guides  remaining  the 
same.  In  this  way  the  outer  edges  of  the  box  form  a  gage 
to  saw  the  cogs. 
10** 
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MACHINE  TOOLS  FOE  PATTERN  MAJONO. 

Pattern  making  being  a  process  for  originating,  it  is  ob- 
vious that  tlio  use  of  special  tools  in  the  same  is  out  of 
the  question ;  and  there  is  at  the  present  day  no  branch 
of  woodworking  in  which  power-driven  tools  or  machines 
are  so  little  used  as  in  pattern  making.  In  some  pattern 
shops  a  lathe  only  is  to  be  found ;  iu  a  great  Inany  a  lathe 
and  jig-saw  complete  the  complement.  The  lathes  are  in 
a  majority  of  cases  of  simple,  if  not  crude,  construction, 
without  any  slide  rest  or  self-acting  feed  motions  —  those 
shown  iu  Figs.  45  and  55  being  a  fair  representation.  It 
must  bo  conceded  that  from  the  desultory  nature  of  pat- 
tern work  and  the  fineness  of  finish  requned,  hand  work 
possesses  many  advantages,  because  in  so  many  cases  the 
work  can  be  done  by  hand  in  about  as  much  time  as  it 
would  take  to  set  a  machine  for  the  pur])ose.  Furthermore, 
a  hand  plane  can  be  sharpened  on  an  oilstone  in  less  time 
than  it  would  take  to  stop  a  machine  and  take  the  planing 
cutter  out.  A  pattern,  when  commenced,  is  worked  upon 
by  the  workman  or  wH^rkmen  until  finished ;  and  in  any 
case  each  man  does  his  own  marking  out,  saAving,  planing, 
boring,  turning,  etc. ;  and  as  each  job  must  be,  in  the  main, 
done  in  certain  order,  no  part  of  his  work  can  well — as  a 
general  rule — wait  until  a  machine  is  unoccupied.  Not- 
withstanding all  tliis,  however,  there  is  no  doubt  that 
much  work  is  done  by  hand  that  could  be  advantageously 
done  in  a  machine,  providing  the  latter  does  not  occupy 
too  much  shop  space,  is  not  too  heavy,  is  designed  to  per- 
form several  operations,  and  to  bo  set  for  either  of  them 
readily-  and  easily.  As  an  example,  core  boxes  and  the 
segments  for  building  up  cylinders,  etc.,  may  be  noted.  A 
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well  constructed  lathe  device  would  bore  a  core  box  in  a 
fraction  of  the  time  it  requires  by  hand.  A  pattern  maker's 
lathe  having  a  friction  straight  and  cross  feed,  and  very- 
light  parts,  would  be  a  desirable  tool,  because  of  the  facility 
with  which  facing  up  work  and  cutting  out  core  boxes 
could  be  done.  In  facing  up  work,  a  large  porportion  of 
the  time  is  spent  in  testing  the  straightness  of  the  face. 
Core  boxes  could  be  bored  out  rapidly  by  fastening  them 
to  the  light  lathe  saddle  by  a  handy  fixture  designed  for 
the  purpose — ^the  cutter  being  adjustable  in  a  bar  revolved 
between  the  lathe  centers. 

Of  the  few  power  tools  or  machines  designed  for  pattern 
makers'  use,  a  few  of  noteworthy  examples  are  shown  in 
the  following  engravings : 

In  Fig.  236  is  shown  a  pattern  maker's  face  lathe.  The 
hand  rest,  it  will  be  noted,  is  supported  by  an  arm  pivoted 
at  one  end,  and  supported  by  a  leg  at  the  other  end,  so 
that  it  can  be  adjusted  to  suit  the  work. 

The  reason  for  making  the  cone  pulley  of  wood  is,  that 
its  momentum  when  iu  motion  being  less  than  if  of  iron, 
it  will  stop  and  start  more  quickly ;  and  this  is  a  valuable 
consideration,  when  the  lathe  requires  to  be  so  often  stop- 
ped and  started,  to  try  the  work.  The  box  frame  is  pro- 
vided to  prevent  the  excessive  vibration  to  which  lathes, 
supported  upon  legs,  are  subject  under  high  speed. 

In  Fig.  237  is  shown  a  smaller  face  lathe  for  turning 
hubs,  bosses,  core  prints,  and  similar  work,  than  can  be 
done  without  the  use  of  a  back  center. 

In  Fig.  238  is  represented  a  lathe  head  and  tailstock  for 
mounting  on  either  wooden  or  iron  shears,  as  may  be  pre- 
ferred. Iron  shears  keep  more  true,  and  the  tailstock  is 
more  easily  moved  and  kept  in  line  or  set  over,  as  the  case 
may  be ;  the  only  objection  to  them  being  that  they  are 
apt  to  damage  the  edges  of  tools  carelessly  laid  down ;  and 
wood  may  be  made  of  large  proportions,  to  avoid  tremor 
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where  lathe  shears  and  legs  are  used,  as  in  this  class  of 
lathe. 

It  will  be  noted  that  each  end  of  the  cone  spindle  is  pro- 
vided with  a  face  plate.    The  extra  one  is  for  use  upon 


work  too  large  to  go  between  the  lathe  centers;  in  which 
case  a  movable  hand  rest  — after  the  style  shown  in  Fig. 
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47 —becomes  necessary.  This  provision  is  very  handy, 
but  is  not  so  good  as  the  large  face  lathe  shown  in  Fig. 
236. 


Fig.  237. 


Next  to  a  lathe,  a  jig  saw  is  the  power  tool  most  com- 
monly found  in  a  pattern  shop.  It  is  indeed  a  very  useful 
tool  to  the  pattern  maker,  notwithstanding  the  noise  and 
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jar  that  usually  attends  its  use.   Its  small  expense  and 
lightness,  as  compared  to  a  band  saw,  are  no  doubt  the  con- 
Fig,  239o  siderations  which  cause 

it  to  be  jireferred,  because 
the  band  saw  is  an  in- 
finitely superior  machine, 
excei)t  it  be  in  cases  where 
an  area  surrounded  by 
solid  wood  requires  to  be 
cut  out,  in  w^hich  case  the 
jig  saw  can  be  detached, 
passed  through  the  work, 
and  attached  again  — 
thus  performing  a  duty 
peculiar  to  itself.  In  the 
jig  saw,  shown  in  Figs. 
239  and  240,  the  table  is 
planed  true  and  pivoted, 
so  as  to  cant  over,  for  saw- 
ing bevels,  or  to  give  the 
pattern  the  necessary 
draught.  The  crank  is 
provided  with  a  conical 
schiele  bearing  at  the 
front,  adjusted  by  nuts  at 
the  end  of  the  shaft.  To 
stop  the  saw  instantly,  a 
friction  brake  is  provided, 
and  the  sliding  head  or 
stock  is  adjustable  in  a 
long  planed  bearing  upon 
the  front  of  the  column. 
The  top  guides  are  ad- 
justable vertically,  to  suit 
different  lengths  of  saws,  and  pivoted  to  regulate  the 
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amount  of  rake  given  to  the  saw.  The  machine  is  also 
provided  with  a  rotary  fan,  to  remove  the  sawdust  from 
the  lines  upon  the  work,  and  keep  the  latter  visible. 
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The  band  sawing  machine,  shown  in  Fig.  241,  is  a  very 
valuable  machine  for  pattern  making,  because  it  will  per- 
form its  duty  with  great  truth  as  well  as  great  rapiditj^, 


Fig,  24:1, 


answering  also  the  whole  purpose  of  a  circular  saw,  and 
very  nearly  the  whole  puri^ose  of  a  jig  saw.  Among  these 
qualifications,  however,  that  of  cutting  true  and  exact  to 
line  is  the  most  valuable,  esi)ccially  in  the  case  of  the  teeth 
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for  wheels,  segments,  etc.  The  table  is  made  adjustable 
for  cutting  bevels  or  draught. 

The  circular  saw,  as  used  in  pattern  making,  is  mainly 
api)lied  to  roughing-out  purposes.  More  stuff  being  left 
for  finishing  by  hand,  than  would  be  the  case  were  the 
work  sawn  with  a  band  or  a  jig  saw.  The  circular  is  a 
very  useful  saw,  however,  especially  for  rougliing  out  rab- 
bets and  similar  work.    The  table  for  pattern  maker's  use 


Fig,  242. 


should  adjust  to  saw  at  a  bevel,  and  should  rise  and  fall 
adjustably  at  one  end,  so  that  the  saw  may  project  more 
or  less  above  the  surface  of  the  table ;  the  height  of  the  top 
of  the  saw,  from  the  table  surface  vertically  beneath  it, 
regulating  the  depth  of  the  groove  the  saw  will  cut.  The 
same  saw  being  used  for  slitting  and  cross-cutting  pur- 
poses, the  teeth  are  filed  slightly  pointed,  and  thus  answer 
both  purposes.  The  circular  saw,  shown  in  Fig.  242,  is  de- 
signed for  pattern  maker's  use ;  the  gage  being  operated 
by  a  screw  ox)erated  by  the  handle  shown. 
11 
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EoUer  feeding  planing  machines  are  not  properly  adapted 
for  pattern  makiDg,  because  the  pressure  of  the  roller 
springs  the  work  out  of  true.  They  may,  it  is  true,  be  used 
upon  work  too  thin  to  be  held  in  other  planers,  but  there 
being  in  any  case  no  assurance  of  truth  (that  great  deside- 
ratum for  pattern  makers)  their  employment,  even  for 


Fig,  243. 


thin  work,  is  not  advisable.  A  traverse  planing  machine, 
however,  is  a  very  useful  tool,  especially  upon  segment 
work  J  hence  such  a  machine  is  shown  in  Fig.  243.  The 
frame  is  boxed,  to  secure  rigidity  with  compactness  and 
lightness.  The  feed  is  a  hand  one,  as  is  preferred  by  all 
pattern  makers,  because  it  admits  of  rapid  manipulation. 
The  framing  being  open  at  the  front,  gives  easy  access  to 
the  cutters,  and  admits  work  of  greater  width. 
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In  every  pattern  shop  hot  glae  is  a  primary  necessity, 
and  steam  is  by  all  means  the  best  medium  of  keeping  the 
same  heated  ready  for  use.  In  Fig.  244  is  shown  a  steam 
glue  heater  5  the  outer  casing  containing  the  water,  there 


Fig.  244: 


being  a  glue  pot  on  each 
side  of  the  upper  face,  and 
a  pot  for  hot  water  in  the 
center.  In  the  absence  of 
steam,  the  ordinary  glue 
pot,  heated  by  gas  or  a 
spirit  lamp,  is  employed. 
The  glue  used  in  pattern, 
making  must  be  of  the 
best  quality,  well  boiled, 
and  applied  properly  hot  j 
because,  notwithstanding 
the  varnish,  patterns  are 
affected  by  the  moisture 
of  the  molding-sand,  and 
fiom  rapping  the  pattern 
to  loosen  it  in  the  mold.   Defective  gluing  — or  in  fact 
any  but  the  best  executed  gluing  —  will  rapidly  show  it- 
self, and  impair  the  value  of  the  pattern. 


CHAPTEE  XVm. 


SHRINKAGE   IN  CASTINGS. 

To  allow  for  the  shrinkage  in  castings,  tlio  pattern  is  not  infre- 
quently made  in  form  and  size  to  meet  the  requirements  of  any 
known  case.  Suppose,  for  example,  that  the  surface  of  a  largo  casting 
is  found  to  ho  hollow,  then  that  surface  upon  the  pattern  will  he  made 
sufficiently  rounding  to  allow  for  the  shrinkage,  thus  giving  a  casting 
■with  the  desired  flat  surface.  In  large  hodies  of  metal  the  shrinkage 
is  always  sufficient  to  d(imand  an  allowance  therefor  by  the  pattern 
maker ;  and  it  always  takes  place  in  the  largest  mass  of  the  metal. 
The  directions  of  this  shrinkage  are  thus  given  for  particular  forms 
hy  Mr.  Alfred  C.  Watkins  : 

SOLID  CYLINDERS. 

In  the  case  of  a  shaft,  or  other  solid  cylinder,  it  "will  be  noticed  that 
the  surface  of  the  casting  at  the  ends  will  be  slightly  depressed.  This 
is  occasioned  by  the  surface  of  the  cylinder  being  cooled  by  the  walls 
of  the  mold  first,  and  setting,  while  the  central  portion  yet  remains 
fluid  or  soft.  In  a  few  moments  more  the  central  portion  cools,  and 
in  shrinking  draws  in  the  ends  of  the  cylinder,  the  outer  crust  acting 
as  a  i)rop  or  stay  to  the  atoms  of  metal  adjacent  to  it.  If  this  theory 
be  correct,  the  depression  should  take  the  form  of  an  invert  ed  cone, 
owing  to  the  gradual  checking  of  the  shrinkage  as  it  approaches 
the  outer  crust.  In  practice  this  will  be  found  the  case — the  obtuse- 
ness  of  the  angle  being  greater  or  icss,  according  to  the  nature  of  the 
iron  lo  shrink. 

GLOBES. 

In  the  case  of  solid  globular  castings,  the  heart  or  central  point 
within  will  usually  be  found  hollow  or  porous,  owing  to  the  follow- 
ing causes'  The  walls  of  the  mold  cooling  oif  the  outer  surface, 
causes  it  to  set  immediately  ;  the  interior,  cooling  from  the  exterior 
inward,  endeavors  to  shrink  away  from  the  outer  crust,  which  resists 
its  so  doing ;  hence,  the  interior  is  kept  to  a  greater  diameter  than 
is  natural,  and  there  being  but  so  much  metal  in  the  entire  mass,  the 
atoms  are  drawn  away  from  the  central  point  toward  all  directions,  to 
supply  the  demand  made  by  the  metal  in  shrinking. 
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DISKS. 

In  the  case  of  flat  round  disks  or  plates,  they  will  usually  be  found 
hollow  on  the  top  side,  although  in  some  cases  the  hollow  is  on  the 
hottom  side.  This  is  owing  to  the  following  causes :  The  top  and  bot- 
tom faces,  together  with  the  outside  edge,  become  set  iirst  through  con- 
tact with  the  mold,  leaving  the  center  yet  soft.  Wheu  the  center 
shrinks  a  severe  strain  is  put  on  the  plate  by  an  effort  to  reduce  its 
diameter,  which  the  outer  edge  resists.  Now,  if  the  cop  be  thin,  the 
heat  will  radiate  rapidly  in  that  direction,  causing  the  outer  or  top 
side  to  set  first;  the  under  side,  setting  later,  will  drag  the  top  side 
over  with  it,  causing  it  to  round  up  on  top  and  dish  in  the  bottom. 
Or  if  the  pattern  be  not  perfectly  true  in  every  direction,  the  strains 
first  spoken  of  will  cause  any  curved  portion  to  become  more  exagger- 
ated. If  the  pattern  be  perfectly  true,  cop  and  drag  of  the  same 
thickness,  and  both  rammed  evenly,  there  is  no  reason  why  the  plate 
should  not  come  out  perfectly  true,  the  strains  being  all  self-contained 
in  the  same  plane  and  balanced.  If  the  plate,  however,  have  an  ogee 
molding  projecting  downward  around  the  edge,  it  will  likely  be  de- 
pressed on  the  top  surface  when  cast.  This  is  duo  to  all  the  surfaces 
being  set  alike  and  at  the  same  instant,  excepting  the  metal  Avitliin 
the  corners,  which,  containing  the  most  metal  in  a  mass,  will  shrink 
last  of  all.  When  this  does  shrink,  its  tendency  is  to  pull  over  the 
top  side  of  the  molding  toward  the  plate,  which  being  soft,  all  hough 
set,  will  be  forced  downward  at  the  edges,  giving  a  chance  for  the 
strains  within  the  plate,  as  above  described,  to  aid  in  the  distortion. 

ROUND  AND  SQUAKE  BAES. 

These  strains  are  similar  in  both,  and  are  already  treated  of  under 
Bolid  cylinders.  There  is  another  feature,  not  before  spoken  of,  which 
is  rather  curious.  If  two  bars  of  the  same  dimensions  and  mixture  of 
iron  be  heated  to  the  same  temperature,  the  one  allowed  to  cool  in 
the  mold,  the  other  plunged  while  hot  into  water,  the  latter  will  be 
found  to  have  shrunk  the  most.  This  is  due  to  the  particles  about 
the  surface  having  been  enabled,  by  the  softness  of  the  interior  metal, 
to  get  closer  to  each  other  than  they  could  have  done  if  the  material 
Lad  cooled  slowly. 

RECTANGULAR  TUBES. 

These  are  usually  cast  with  a  core,  which  has  a  tendency  to  retain 
the  shape  of  the  casting;  still  the  flat  sides  will  show  a  tendency  to 
bulge  up  slightly  at  the  middle.   This  is  due  to  much  of  the  same 
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causes — the  outer  surface  is  cooled  instantly  by  the  wall  of  the  mold, 
and  is  set ;  the  inner  surface  is  not  cooled  quite  so  rapidly,  owing  to 
the  core  being  of  harder  material,  and  not  so  good  a  conductor  of 
heat.  When  this  does  cool  it  will  pull  inward  the  outer  skin  of  the 
casting,  forming  a  slight  curve  j  each  side  acting  for  itself,  wiU  pro- 
duce the  same  effects. 

GUTTER,  OR  U-SHAPED  CASTINGS. 

These  are  usually  made  thinner  at  the  edges  than  at  the  middle, 
because  the  pattern  has  been  made  with  draught.  When  castings  of 
this  shape  are  taken  from  the  mold,  they  will  be  found  rounded  over 
in  the  direction  of  their  length,  the  legs  being  on  the  curved  side. 
This  is  explained  by  the  mold  cooling  and  setting  the  legs  first ;  then 
when  the  back  or  round  shrinks,  it  pulls  upward  the  two  ends  of  the 
casting. 

■WEDGE-SHAPED  CASTINGS. 

In  parallel  castings  of  any  length,  having  a  cross  section  similar  to 
a  wedge— or  similar  to  a  "knife"  in  paper  mill  work — the  thick  side 
wiU  invariably  be  found  concave  and  the  thin  edge  curved.  This  is 
due  to  the  same  causes  as  explained  above.  The  thin  edge  is  set  as 
soon  as  cast ;  the  thick  edge,  cooling  later,  shrinks  and  draws  the  ends 
of  the  casting  upward,  and  with  them  the  thin  edge,  which  acts  as  a 
pillar  to  resist  further  shrinkage. 

RIBS  ON  PLATES. 

All  ribs  have  a  tendency  to  curve  a  plate,  if  they  be  thicker  or  of 
the  same  thickness  as  the  plate,  owing  to  the  fact  that  whatever 
shrinkage  strain  they  possess  is  below  the  general  plane  of  the  sliriuk- 
age  of  the  plate  itself.  If  the  ribs  be  thinner  than  the  plate,  they  will 
cool  first ;  and  by  resisting  the  shrinkage  of  the  bottom  of  the  plate, 
cause  it  to  curve  upwards,  or  "  dish  "  on  top. 

GENERAL  LAWS  REGARDING  SHRINKAGES. 

The  most  metal  in  a  mass  always  shrinks  last ;  hence  if  a  casting 
be  composed  of  irregular  thickness,  it  will  be  liable  to  bo  broken  by 
the  forces  contained  within  itself.  It  is,  therefore,  especially  neces- 
sary that  columns  and  castings  supporting  or  resisting  great  pres- 
sures, should  be  so  designed  as  to  prevent  this  great  error.  Mold- 
ings on  columns  are  often  so  badly  designed  with  regard  to  this  mat- 
ter, that  the  columns  arc  excessively  weak  where  they  should  be  the 
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strongest.  As  a  rule,  moldings  sliould  seldom  be  cast  on  a  column, 
but  rather  bolted  on.  Much  of  the  irregularity  of  flat  castings  and 
those  of  irregular  shapes,  could  be  remedied  by  a  proper  attention  to 
cooling  the  castings  while  in  the  mold.  To  be  sure,  this  is  done  to  a 
certain  extent,  though  few  molders  know  why  they  do  so.  They 
know  that  by  removing  the  sand  from  a  particular  casting,  it  will 
straighten  in  the  shrinking.  This  is  but  the  result  of  experience,  not 
of  thought,  or  any  attempt  to  know  why  they  so  act.  It  is  useful  to 
know,  also,  that  all  shrinkage  takes  place  while  the  casting  is  chang- 
ing ftom  a  red  to  a  black  heat. 

SHRINICAGE  OP  CASTINGS. 


In  locomotive  cylinders  inc^     a  foot- 

In  jupes  ? 

Girders,  beams,  etc  i  "      15  in. 

Engine  beams,  connecting  rods  »  "      16  m. 

In  large  cylinders,  say  70  in.  diameter,  10  ft.  stroke, 

the  contraction  of  diameter  is  about  f  "at  top. 

«  «         «  "    "at  bottom 

Shrinkage  of  length  is.  i  "  in  16  ia. 

In  Thin  brass  i  "      1^  " 

"  Thick  brass  i  "  " 

'<Zinc   "  12" 

"Lead   "      12  « 

"Copper  A     "  12" 
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TO  CALCULATE  STEENGTH  OF  PIPES  OR  OTHER  THIN 
CYLINDEES. 

EuLE  : — Multiply  the  inside  diameter  of  the  pipe  or  cylinder  in 
iufjhea  by  the  pressure  in  lbs.  per  square  inch  that  is  to  act  inside  of 
it,  and  divide  the  product  by  10,000.  To  this  result  add  a  sufiQciency 
to  insure  a  good  casting,  and  to  enable  the  pipe  to  stand  handling ; 
and  this  will  give  the  total  thickness. 

Note  : — The  amount  to  be  added  varies  with  the  diameter  of  the 
pipe. 


a  4" 

pipe,  and  under,  allow 

6 

u 

over  4"  " 

i 

8 

11 

"     6  allow 

% 

12 

(( 

u      8  u 

30 

(( 

u    12  " 

i 

48 

« 

«   30  " 

70 

«   48  '* 

100 

(( 

"   70  " 

Example  : — ^What  must  be  the  thickness  of  a  25  inch  cylinder  for  a 
steam  engine,  so  that  it  may  stand  60  lbs.  per  square  inch  t 

25  +  60  =  1500  -f- 10000  =  ^  or  ^  of  an  inch ;  add  to  this 
i  =  i  inch  +  ^V-   Add  another  i  for  reboring. 


MOLESWOETITS  EULE  for  calculating  the  necessary  thickness 
of  metal  for  cylinders  or  pipes,  is  as  follows: 

EuLE : — Multiply  the  inside  diameter  of  the  pipe  or  cylinder  by  the 
pressure  in  lbs.  per  square  inch  it  is  to  bear,  and  divide  the  product  by 
4000.    The  last  product  to  be  increased  one  half. 

It  is  to  be  noted,  however,  that  the  rules  for  calculating  the  neces- 
sary thickness  of  a  cylinder  to  withstand  a  given  pressure,  do  not 
give  the  thickness  that  the  pattern  maker  requires,  because  the  num- 
ber of  times  allowed  for  reboring  the  cylinder,  its  situation  as  to  its 
being  subjected  to  oxidation,  and  other  similar  considerations,  have 
caused  the  existence  in  actual  practice  of  greater  thicknesses  than 
those  given  by  any  of  the  rules ;  and  in  a  general  way  specific  kinds 
of  cylinders  are  made  to  conform  in  thickness  to  that  which  practice 
lias  demonstrated  to  suit  the  requirements  of  the  duty;  this  latter 
term  including  more  than  mere  strength. 
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TO  CALCULATE  THE  THICKNESS  OF  METAL  FOR  CYLIN- 
DERS  FOR  HYDRAULIC  PRESSES.  — 

Rule  : — Multiply  tbe  constant  number  given  below  for  the  ma|eriar/'^ 
of  which  the  cylinder  is  to  be  made  by  the  pressure  in  tons  per  s^^jc 
inch,  and  by  lialf  the  internal  diameter  of  the  cylinder.  ^  r;.": 

\  A' 

Example: — A  10-inch  cylinder  is  to  bear  a  pressure  of  3  tonsiper 
square  inch ;  Avhat  must  be  its  thickness  in  cast  iron  ? 


CONSTANTS : 

Cast  iron  '41 

Gun  metal  '22 

Wrought  iron  -14 

Steel  -06 


•41  +  3  =  1-23  +  5  =  6-15  or  GJ. 


Example  : — A  steel  cylinder  of  5  inches  internal  diameter  is  to  bear 
a  pressure  of  35  tons  per  square  inch ;  what  must  be  its  thickness? 

0-6  X  35=2-10  X  2-5  =.(Ana.)  5-25,  or  5i  inches. 


TO  CALCULATE  THE  WEIGHT  OF  RIMS  FOR  FLY  WHEELS. 


Rule: — 


W  = 


2542rS 


F  =  Constant  force  in  pounds,  or  mean  force  on 

piston ; 
S  =  Stroke  in  feet ; 
W  =  Weight  in  pounds  of  fly  wheel; 
X  =  Rattius  of  center  of  gyration  in  feet ; 
n  =  No.  of  revolutions  per  minute ; 
f=-05. 


Multiply  the  area  of  the  cylinder  by  the  mean  pressure  on  the  pis- 
ton in  lbs.  per  square  inch,  by  the  stroke  in  feet,  and  by  500,  and 
divide  by  the  product  of  the  number  of  revolutions  per  minute,  mul- 
tiplied by  the  radius  of  the  fly  wheel,  measured  at  the  inside  of  the 
rim. 
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TABLES  OF  USEFUL  INFORMATION. 


MIXTURES  OF  METALS. 


CASTINGS  FOR 

Copper. 

Tin. 

Zinc. 

Lead. 

Antim'y. 

bismuth. 

10 

n 

9 

1 

i 

15 

5 

1  ellow  brass  for  castings. . . 

36 

2i 

ii' 

9 

1 

.... 

1 

1 

2 

Solder  for  cast  irou  

.... 

2 

1 

.... 

10 

Metal  to  expand  in  cooling . 

'9'" 

2 

i" 

Metal  to  heat  and  cool  without  loss  of  size  or  alteration  of  shape, 
must  contaiu  9  parts  of  copper  and  1  of  aluminium. 


MELTING  POINTS  OF  METALS. 


Cast  iron  from  1900°  to  2900"  Fahr. 

Antimony   812° 

Lead   620° 

Aluminium   1292° 

Copper   1994° 

Tin   442° 

Zinc   773° 


WEIGHT  OF  MATERIALS  AND  CASTINGS. 

ESTIMATING  WEIGHT  OF  CASTINGS  FROM  THE  WEIGHT  OF  THE  PATTERN. 

In  presenting  a  table  wherefrom  to  estimate  the  weight  of  a  casting 
from  the  weight  of  the  pattern,  it  must  be  understood  that  the  calcu- 
lation is  only  approximate ;  and  in  all  cases  in  which  there  are  core 
prints  or  battens  to  sustain  the  pattern,  or  other  extraneous  parts 
which  exist  upon  the  pattern  and  not  upon  the  casting,  the  weight 
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of  these  parts  must  be  estimated,  or  calculated,  and  deducted  from  t  he 
weiglit  of  the  pattern. 


A  PATTERN  WEIGHING  1  LB. 

WILL  WEIGH  WHEN 

CAST  IN 

AND  CAST  IN 

Cast  iron. 

Zinc. 

Copper. 

Yellow  brass 

Gun  metal. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

Mahogany,  Nassau  

*°       Honduras  . . . 

107 

10-4 

12-8 

12-2 

12-5 

1-2-9 

127 

15-3 

14-6 

15-0 

•*  Spanish  

8-5 

8-2 

101 

97 

9-9 

Pine,  Red  

12-5 

121 

14-9 

14-2 

14-6 

"  White  

167 

16-1 

19-8 

19 

19-5 

'<  Yellow  

141 

13-6 

167 

18 

16-5 

WEIGHT  OP  TIMBKR. 


WEIGHT  OF 


Ash  

Beech  

Box  

Hornbeam  

Lignum-vitae  

Mahogany,  Nassau  . . . 

"  Honduras. 

"  Spanish... 


•§  0 

cubic 
nch. 

WEIGHT  OF 

cubic 
foot. 

cubic 
inch. 

< 

< 

lbs. 

lbs. 

lbs. 

lbs. 

45 

•026 

Maple   

42 

•025 

43 

■025 

Oak,  Red  American.. 

53 

•03 

80 

•046 

Oak,  White  American 

49 

•028 

47 

•027 

Piue,  Red  

36 

•021 

83 

•048 

41 

•024 

42 

•024 

"  White  

27 

•015 

35 

•02 

34 

•02 

53 

•031 

"  Yellow  

32 

•018 

WEIGHT  OP  CAST  METALS. 


Aluminium  

Antimony  

Copper  

Iron,  from  

"  to  

"  average   

Lead  

Steel  

Tin  

Zinc  

Gun  Metal — 10  copper,  1  tin. 

Babbitt  metal  

Average  composition  (bearing), 
brass   


cific  gravity. 

Weight 
per  cubic  foot. 

Weight 
per  cubic  inch. 

lbs. 

lbs. 

2-56 

159-8 

•096 

672 

419-5 

•242 

8-607 

137-3 

•31 

7 

437- 

•252 

7-6 

474-4 

•273 

7-23 

451^ 

•26 

11-36 

708^5 

•408 

8 

499^ 

•288 

7-291 

4.55^1 

•262 

7- 

437- 

•252 

8-561 

534^42 

•308 

7-31 

456^32 

•263 

524-88 

•30375 
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TABLE 


OJ  the  Weight  of  Copper  Bolts,  from  i  to  21  in.  Diameter,  and  H  inches  long: 


Diameter. 

Pounds. 

Diameter. 

Puundg. 

Diameter. 

Pounde. 

1 
I 

f 
3 

e 
t 

IB 
t 

9 

5 
? 
11 

Tir 

3 

T 

•189 
•296 
•425 
•579 
•757 
•958 
1-182 
1-431 
1-703 

I  3 

7 

-6 

44 

1 

1  and  ^g- 
1  and  1 
1  and 
I  and  \ 
1  and 

1-  998 

2-  318 

2-  661 

3-  016 
3-417 

3-  831 

4-  269 

4-  730 

5-  214 

1  and  \ 
1  and  Ys 
1  and  \ 
1  and  Y^ 
1  and  1 
1  and  f 

1  and  ^ 
2 

2  and  \ 

5-  723 

6-  255 

6-  811 

7-  390 
7-933 
9270 

10-642 
12061 
13  668 

TABLE 

Of  the  Weight  of  a  Lineal  Foot  of  Cast  Iron  Pipes,  in  lbs.,  from  1  inch  to 

30  inches  Bore. 


Bore. 

Thickness. 

Weisrlil. 

Bore. 

Thiilcuess. 

Weight. 

Bore. 

Thickness* 

Weight. 

Inches, 

Indies. 

Pound.i. 

Inches. 

Inches. 

Pounds. 

Inches. 

Inches. 

5 

Pounds. 

1 

i 

3-06 

31 

20  90 

6318 

f 

5-05 

t 

26-83 

7 

i 

36  66 

li 

i 

3-67 

1 

33-07 

i 

46-80 

I 

6- 

4 

i 

22  05 

i 

5 

56  96 

li 

1 
i 

6-89 

1 

28-28 

67-60 

9-80 

1 

34-94 

1 

78-39 

U 

« 
i 

7-80 

4i 

i 

23-35 

7J 

h 

39-22 

11-04 

f 

29-85 

1 

49-92 

« 

ft 
i 

8-74 

i 

36-73 

1 

60-48 

12-23 

4§ 

i 

24-49 

I 

71-76 

1 
i 

9-65 

f 

31-40 

1 

83-28 

13-48 

1 

38-58 

8 

i 

S 

41-64 

2i 

§ 
J 
f 

10-57 

4} 

4 

25-70 

52-68 

14-G6 
19-05 

f 
f 

32-91 
40-43 

f 
i 

64-27 
76-12 

21 

1 
1 

11-64 

g 

26-94 

1 

88-20 

15-91 

f 

34-34 

Si 

h 

44-11 

f 

20-59 

42-28 

f 

56-16 

3 

1 
i 

12-28 

5i 

i 

29-40 

i 

68- 

17-15 

1 

37-44 

i 

80-50 

S 

22- 15 

f 

45-94 

1 

93-28 

1 

27  56 

6 

i 

31-82 

9 

I 

46-50 

3J 

i 

18  40 

S 

40  56 

1 

58-92 

f 

23  72 

1 

5 

49-60 

! 

; 

71-70 

1 

29  64 

58  96 

84-70 

3i 

i 

19  66 

6J 

§ 

34  32 

1 

97-98 

1 

25-27 

43  68 

9i 

48  98 

i 

31-20 

53  30 

* 

62-02 

*  NoTK  .-—These  weights  do  not  iaclutlo  any  allowance  for  spigot  and 
faucet  ends. 
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Bore.  .Tiiickness. 

Weight. 

Bore. 

Thickness. 

Weight. 

Bore. 

Thickiiess. 

Wriffht. 

luclies. 

luche&. 

Pounds. 

Inches. 

Inches. 

Pounds. 

Inches. 

Inches. 

Tonnds. 

9h 

i 

7532 

14 

f 

89-6] 

19 

f 

145-20 

i 

88-98 

1 

108-46 

i 

170-47 

i 

10290 

i 

127-60 

1 

195  92 

10 

i 

51 -46 

1 

14703 

20 

1 

126-33 

t 

6508 

14J 

h 

73-72 

f 

152  53 

i 
4 

78  99 

f 

92-66 

5 

17902 

z 

B 

93-24 

1 

11210 

1 

205-80 

1 

108-84 

i 

131-86 

21 

1 

132-50 

10]^ 

1 

9 

5388 

1 

151-92 

1 

159-84 

f 

6814 

15 

i 

75-96 

i 

187-60 

i 
t 

82-68 

t 

95-72 

1 

215-52 

1 

B 

97-44 

i 

115-78 

22 

1 

138-60 

1 

112-68 

5 

13615 

1 

167-24 

11 

jL 
a 

56-34 

1 

156-82 

i 

196-46 

t 

9 

7119 

15J 

h 
i 

78-40 

1 

225-38 

1 

86-40 

98-78 

23 

1 

144-77 

5 

B 

101-83 

i 

i 

119-48 

1 

174-62 

1 

117-60 

140-40 

§ 

204-78 

Hi 

1 

a 

58-82 

1 

161-82 

1 

235-28 

t 

74-28 

16 

J 

1 

80-87 

24 

f 

150-85 

• 

i 

90-06 

101-82 

1 

181-92 

V 

t 

10614 

i 

123- 14 

i 

213-28 

J 

122-62 

i 

144-76 

1 

245-08 

12 

1 

a 

61-26 

1 

166-60 

25 

1 

156-97 

a 

i 

77-36 

16| 

i 
1 

83-30 

i 

I 

189-28 

a 
i 

93-70 

104-82 

221-94 

T 

s 

110-48 

1 

126-79 

1 

254-86 

1 
1 

127-42 

i 

149  02 

26 

} 

196-63 

1 

63-70 

1 

171-60 

5 

230-5f? 

f 

1 

80-40 

17 

i 

85-73 

1 

264-66 

97-40 

1 

107-96 

27 

1 

i 

20404 

i 

114-72 

B 

130-48 

239  08 

1 

132-35 

153-30 

I 

274-58 

13 

66-14 

1 

176-58 

28 

f 

211-32! 

1 

83-46 

in 

i 

f 

88-23 

i 

247-62 

1 

101-08 

111-06 

1 

284-28 

5 

118-97 

1 

i 

134-16 

29 

i 
i 

218-70 

1 

137-28 

157-59 

256-20 

131 

i 

68-64 

I 

181-33 

1 

294-02? 

i 

86-55 

18 

f 

114-10 

30 

i 

226-2t» 

104-76 

1 

137-84 

i 

264-79 

i 

123-30 

i 

161-90 

1 

303-86 

1 

142-16 

1 

186-24 

343-20 

U 

i 

71  07 

19 

1 

120-24 

The  above  table  is  found  to  be  of  great  use  in  making  out  correct 
estimates  of  cast  iron  pipes.  For  instance,  suppose  it  is  required  to 
know  the  weight  of  a  range  of  pipes,  324  feet  long,  8J  inches  diain- 


254  WEIGHT  OF  DIFFERENT  METALS. 


The  table  shows  the 


eter  of  bore,  and  metal  f  of  an  inch  thick, 
weight  of  1  foot  of  such  pipe  to  be  56*16  lbs 

Then,  56-16x324= 18195-84  lbs.,  or  9j\  tons,  very  nearly. 

TABLE, 

Showing  the  Weight  of  Solid  Cylinders  of  Cast  Iron,  12  iTiches  long,  in 
Avoirdupois  Pounds. 


1  in. 

n 
u 
If 
n 
If 
If 
n 

2 

2i 
2i 
2f 


Weight 
in  Ids, 


1-394 

1-  897 

2-  478 
3137 

3-  873 

4-  686 

5-  577 

6-  545 

7-  591 

8-  714 

9-  915 

11-  193 

12-  548 

13-  981 


Diameter 

We.glit 

Diameter 

Weight 

Diameter 

Weight 
in  lbs. 

ia  Indies, 

in  lbs. 

in  Inches. 

in  lbs. 

in  Inches. 

2J 
2| 

15-492 

4i 

"5(^93" 

8 

158-638 

17-080 

4i 

55-926 

8i 

179-087 

2i 

18-745 

5 

61-968 

9 

200-774 

2J 

20-488 

5i 

68-319 

9i 

223-704 

3 

22-308 

5i 

74-981 

10 

247-872 

3i 

24-206 

51 

81-952 

lOi 

273-278 

3i 

26-181 

6 

89-234 

11 

299  925 

3| 

28-234 

6i 

96-825 

in 

327-811 

3h 
3f 

30-334 

6i 

104-726 

12 

356-935 

32-572 

6f 

112-936 

13 

418-903 

3f 

34-857 

7 

121-457 

14 

485-830 

3J 

37-219 

130-287 

15 

557-712 

4 

39-660 

7h 

139-428 

16 

634-552 

44-771 

7i 

148-878 

Note.   Cubic  inches  of  cast  iron  x  263  =lbs.  avoirdupois. 
Circular  inches  of  cast  iron  X  -2065=158.  avoirdupois. 

TABLE, 

Showing  the  Capacity,  and  Weight  of  Cast  Iron  and  Lead  Balls,  from  1  inch  to 
8i  Diameter. 


Diam. 
inches. 

Capacity  in 
Cubic  Inches 

1 

•523 

1-767 

2" 

1-189 

8-181 

3" 

14137 

3i 

22-449 

4' 

33  510 

4.1 

47-713 

•136 
•461 

1-  092 

2-  133 
3  685 
5-852 
8-736 

12-439 


Diam.  Capacity  in 
inches.  Cubic  Inches. 


5 

6^ 

6^ 
7 

71 


65-450 
87-114 
113097 
143-793 
179-594 
220-893 
268-082 
321-555 


17-063 
22-721 
29-484 
37-453 
46-820 
57-537 
69-889 
83-840 


26-843 
35-729 
46-385 
58-976 
73-659 
90-598 
109-552 
131-883 


TABLE, 

Showing  the  Number  of  Nails  and  Spikes  to  the  Pmmd,  of  Van<ms  Sizes,  aa 
manufactured  at  the  Troy  Iron  and  Nail  Factory,  N.  Y. 


Size  of 
Nails. 

No.  to 
the  lb. 

Boat 
Spikes. 

3  penny 

600 

No.  4 

4  " 

360 

"  5 

6  " 

200 

"  6 

8  " 

110 

«  7 

10  « 

88 

12  " 

68 

20  " 

40 

13 


Spikes. 


No.  4 
"  6 
"  6 
"  7 
"  8 
"  9 
"  10 


No.  Spikes 
ii>  the  lb. 


8 

6 

5 

3i 

3 

2 

U 
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WEIGHT  OF  A  FOOT  IN  LENGTH  OP  FLAT  CAST  IRON. 


Width  of 

Thick, 

Thiclc 

Thiclc 

Thick, 

Thick, 

Thick, 

iron. 

x-4tli  inch. 

3-8tli'inch. 

i-a  incll. 

5-8th  inch. 

3-4th  inch. 

7-8tli  inch. 

I  inch. 

lacheS' 

Pounds 

Fouii<is> 

Founds. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

2 

1-56 

2-34 

3-12 

3"90 

4-68 

0  40 

U  40 

2i 
2i 
2i 
3 

1-75 

2-63 

3-51 

4"39 

5*27 

0  J.0 

/  Uo 

"7 '81 
/  01 

1-95 

2-92 

3-90 

4'88 

5*85 

0  Oo 

214 

3-22 

4-29 

5-37 

6-44 

7-51 

8-59 

2-34 

3-51 

4-68 

5-85 

7-03 

8-20 

9-37 

3} 
3i 
31 
4 

2-53 

3-80 

5-07 

6-34 

7-61 

8-88 

10-15 

2-73 

4-10 

5-46 

6-83 

8-20 

9-57 

10-93 

2-93 

4-39 

5-85 

7-32 

8-78 

10-25 

11-71 

3-12 

4-68 

6-25 

7-81 

9-37 

10-93 

12-50 

4i 
4i 
41 
5 

3-32 

4-97 

6-64 

8-30 

9-96 

11-62 

13-28 

3-51 

5-27 

7-03 

8-78 

10-54 

12-30 

14-06 

3-71 

5-56 

7-42 

9-27 

1113 

12-98 

14-84 

3-90 

5-86 

7-81 

9-76 

11'71 

13-67 

15-62 

5i 
5^ 

4-10 

6-15 

8-20 

10-25 

12-30 

14-35 

16-40 

4-29 

6-44 

8-59 

10-74 

12-89 

15-03 

17-18 

4-49 

6-73 

8-98 

11-23 

13-46 

15-72 

17-96 

I' 

4-68 

7-03 

9-37 

11-71 

14-06 

16-40 

lH-75 

TABLE 

OF  THE  KELATIVB  WEIGHT  AND  STRENGTH  OF  ROPES  AND  CHAINS. 


Circunif 
roj 

Diameter  ( 

■3 

Proof  ofst 

0. 

Weight  per 

Diameter  ol 

Weiglit  per 

Proof  of  St  1 

<C  -t 

E'5 
c 

? 
0 

r. 
H. 

3* 
5 

1  i 

! 

3 
5' 

g. 

B' 

0 
5 

t 

Inclius. 

11)3. 

)iu:hes. 

lbs. 

tons.  cwts. 

indies. 

lbs. 

indies. 

lbs. 

tons.  twts. 

n 

4i 

5 

5J 

ei 
7 

8 

8| 

4 

4! 

*4 

51 
7 

nl 

15 
19 
21 

I 

1 

H 
3. 

5^ 

8 

10^ 

14 

18 

22 

27 

32 

37 

1  5i 

1  16J  : 

2  10  • 

3  5i 

4  3^ 

5  2 

6  4i 

7  7  ' 

8  13^ 

10 

lOf 

iH 

12i 

13 

13! 

m 

16 

23 

28 

30i 

36 

39 

45 

482^ 

56 

60 

1 

1 

H 

lA 

H 

lA 

11 

43 
49 
56 
63 
71 
79 
87 
93 
106 

10  0 

11  11 

13  8 

14  18 
]6  14 
18  11 
20  8 
22  13 
24  18 

f 


TABLE 

or 

THE  WEIGJIT,  IN  LBS. 


Of  afoot  in  length  of  Cast  Iron. 


V  Sideof  ihc 

'SidToftiief 

/  diameter. 

g 

Hex*on. 

c  gon. 

c 

irc  e. 

square  or 
ilia  meter. 

Square. 

Hex*on. 

Oct'gon. 

Circla. 

C  inchea — 

inches. 



(  1 

■781 

•675 

•650 

•612 

6A 
6| 

i:i2-031 

114-271 

109-948 

103-696 

1'75(: 

l-52f 

1-471 

1-387 

142-;i81 

123-231 

118-5:M 

111-825 

/  1 

3- 125 

2-703 

2-()03 

2454 

7 

153  125 

132.528 

127-478 

l2(t-372 

\ 

4-881 

4-225 

4-065 

3854 

161-256 

142-162 

i:i6-743 

128-986  ( 

(  n 

7-()3l 

6-085 

5856 

5521 

175-781 

152  037 

146.337 

1:J8-0.50  ( 

I  n 

9-568 

8-281 

7  97I 

7-515 

187-693 

102-449 

l.'>6-2.59 

147-415  I 

<  2 

12-52(» 

10-815 

10-412 

9-815 

8 

eOO-IMK) 

17.3-099 

]6<)-.503 

157-078  1 

\  ^ 

15-818 

13-990 

13- 168 

12-425 

84 

212-693 

184-087 

177-071 

167  049  ( 

y 

19-531 

16-900 

16-256 

15-337 

84 

225-781 

195-412 

187-365 

177-328  y 

23  631 

20-45(1 

19671 

18-55i( 

83 

239-256 

207-078 

199-127 

187-912  ( 

/  3 

28  125 

24-340 

23-412 

22-087 

9 

253-125 

219-078 

210-721 

199-203  / 

33-(HI9 

28-565 

27-475 

25-921 

94 

266-781 

231-418 

222-6(M) 

210-800  ) 

<  31 

38-281 

33-131 

31-818 

30  0ti5 

94 
93 

282^031 

244- UK) 

2:^4-793 

221-506  ) 

<  3} 

43-943 

38-031 

36-581 

31-512 

296-968 

257-105 

247-315 

2.33-318  ) 

1  4 

50-U(IO 

43-271 

41-621 

39-268 

10 

312-5(K) 

270-471 

260- 163 

245-437  ) 

(  44 

56-443 

48-:{53 

46-990 

44-331 

104 

.328-318 

284-159 

273-341 

257-8.59  ) 

4i 

63-281 

54-768 

52-681 

49-700 

KU 

.344-531 

298-193 

286-828 

270-593  I 

4J 

7()-5()6 

61-021 

58-696 

55-375 

103 

.351  131 

312-5,59 

3(K»-(i46 

283-633  ) 

5 

78  125 

67-515 

65-(M0 

61-359 

11 

378-125 

327-2(i8 

3I4-79(i  296-978  ) 

!  54 

86  131 

74-549 

71-701 

67-709 

114 

393-216 

342-315 

329-2t»<  310-631  ) 

<  H 

94  531 

81-815 

78-696 

74-243 

lU 

410-281 

357-693 

344-0621.324-587  ) 

(  51 

103-318 

89-421 

86-015 

81-126 

111 

429-023 

373.325 

:«9- 187 1 3:58-8.56  ) 

(  6 

1 12-500 

97-3ti8 

93-656 

88-354 

12 

450-000 

389-475 

374-6311353-428  ) 

122-058 

mm 

101-621 

95-871 

WEIGHT  OP  WIRE. 
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WKIGHT  OF  WIRE — PER  LINEAL  FOOT. 


Anierlcan 
Gage. 

Size  of  each 

Wrought 
Irou. 

Steel. 

Copper, 

Brass. 

NoSk 

inch. 

lbs. 

lbs. 

lbs 

0000 

.40000 

.560740 

.566030 

.640513 

.005170 

000 

.40964 

.444683 

.448879 

.507946 

.479908 

00 

.36480 

.352659 

.355986 

.402830 

.3.;0GCG 

0 

.32495 

.279605 

.282303 

.319451 

.301816 

1 

.28930 

.221789 

.223891 

.253342 

.239353 

2 

.25763 

.175888 

.177548 

.200911 

.189818 

3 

.22942 

.139480 

.140796 

.159323 

.150522 

i 

.20431 

.110616 

.111660 

.126353 

.119376 

5 

.18194 

.087720 

.088548 

.100200 

.094666 

6 

.16202 

.069505 

.070221 

.079462 

.075075 

7 

.14428 

.055165 

.055685 

.063013 

.059545 

8 

.12849 

.043751 

.044164 

.049976 

.047219 

9 

.11443 

.034699 

.035026 

.039036 

.037437 

]0 

.10189 

.027512 

.027772 

.031426 

.029087 

31 

.090742 

.021820 

.022026 

.024924 

,023549 

12 

.080808 

.017304 

.017468 

.019766 

.018676 

13 

.071961 

.013722 

.013851 

.015674 

.014809 

14 

.064084 

.010880 

.010989 

.012435 

.011746 

15 

.057068 

.008631 

.008712 

.009859 

.009315 

16 

.050820 

.006845 

.006909 

.007819 

.007587 

17 

.045257 

.005427 

.005478 

.006199 

.005857 

18 

.040303 

.004304 

.004344 

.004916 

.004645 

19 

.035390 

.003684 

20 

.031961 

.002708 

.002734 

.003094 

!002S20 

21 

.028462 

.002147 

.002167 

.002452 

.002317 

22 

.025347 

Am  Tn'j 

001719 

.uu±yio 

.UU  LOOo 

23 

.022571 

.001350 

!001363 

.001542 

.001457 

24 

.020100 

.001071 

.001081 

.001223 

.001155 

25 

.017900 

.0008491 

.0008571 

.0009699 

.0009103 

26 

.01594 

.0000734 

.0000797 

.0007692 

.0007267 

27 

.014195 

.0005340 

.0005391 

.0000099 

.0005763 

28 

.012641 

.0004235 

.0004275 

.0004837 

.0004570 

29 

.011257 

.0003358 

.0003389 

.0003835 

.0003024 

30 

.010025 

.0002663 

.0002088 

.0003042 

.0002874 

31 

.008<;28 

.0002113 

.0002132 

.0002413 

.0002280 

32 

.007950 

.0001675 

.0001091 

.0001913 

.0001808 

33 

.007080 

.0001328 

.0001341 

.0001517 

.0001434 

34 

.006304 

.0001053 

.0001063 

.0001204 

.0001137 

35 

.005014 

.00008366 

.00008445 

.0000956 

.00009015 

36 

.005000 

.00006625 

.00006687 

.0000757 

.0000715 

37 

.004453 

.0000.5255 

.00005,304 

.00000003 

.00005671 

38 

.003905 

.0000  H66 

.00004205 

.00004758 

.00001490 

39 

.003531 

.00003305 

.00003336 

.00003775 

.00003566 

40 

.003144 

.60002020 

.00002644 

.00002992 

.00002827 

485.87 

490.45 

554.988 

524.16 

The  specific  gravities  to  determine  the  weights,  were  taken  and 
iLade  Ly  Chas.  H.  Haswell. 
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WEIGHT  OF  METAL  PLATES. 


WKIGHT  OP  METAL  PLATES— PER  SQUARE  FOOT. 


American 
Gage, 

Wrought  Iron. 

Steel. 

Nob. 

lbs. 

lbs. 

0000 

17.25 

17.48 

000 

15.3615 

15.5663 

00 

13.68 

13.8624 

0 

12.1823 

12.3447 

1 

10.8488 

10.9934 

2 

9.6611 

9.7899 

3 

8.6033 

8.7180 

i 

7.6616 

7.7638 

5 

6.8228 

6.9137 

C 

6.0758 

6.1568 

7 

6.4105 

5.4826 

8 

4.8184 

4.8826 

9 

4.2911 

4.3483 

10 

3.8209 

3.8718 

11 

3.4028 

3.4482 

12 

3.0303 

3.0707 

13 

2.9985 

2.7345 

14 

2.4032 

2.4352 

15 

2.1401 

2.1686 

IG 

1.9058 

1.9312 

17 

1.6971 

1.7198 

18 

1.5114 

1.5315 

19 

1.3459 

1.3638 

20 

1.1985 

1.2145 

21 

1.0673 

1.0816 

22 

.95051 

.96319 

23 

.84641 

.8577 

24 

.75375 

.7638 

25 

.67125 

.6802 

26 

.59775 

.60572 

27 

.53231 

.53941 

28 

.47404 

.48036 

29 

.42214 

.42777 

30 

.37594 

.38095 

81 

.3348 

.33926 

32 
33 

.29813 

.3021 

.2655 

.26904 

34 

.2364 

.23955 

35 

.21053 

.21333 

36 

.1875 

.19 

37 

.16699 

.16921 

38 
39 

.14869 

.15067 

.13211 

.13418 

40 

.1179 

.11947 

Copper. 


lbs. 

20.838 
18.5567 
16.5254 
14.7162 
13.1053 
11.6706 
10.3927 
9.2552 
8.2419 
7.3395 
6.5359 
5.8206 
6.1837 
4.6156 
4.1106 
3.6606 
3.2598 
2.9030 
2.5852 
2.3021 
2.0501 
1.8257 
1.6258 
1.4478 
1.2893 
1.1482 
1.0225 
.91053 
.81087 
.72208 
.64303 
.57264 
.50994 
.45413 
.40444 
.36014 
.32072 
.28557 
.25431 
.2265 
.20172 
.17961 
.15995 
.14242 


UNITED  STATES  WEIGHTS  AND  MEASURES. 


MEASURE  OF  LENGTH. 


3  barleycorns  -  =  1  inch, 
1"^  inches  -   -    -  =  1  foot. 

3  feet  -  -  -  =1  yard. 
5^  yards  or  16^  ft.  =  1  rod  or  pole. 


40  rods  or  220  yds.  =  1  furlong. 
8  furlongs  or  >         i  ^^ 
1760  yds.   I  =lmile. 
60  geo.  miles         =  1  degree. 


Bopea  and  Cables. 

6  feet       =  1  fathom. 
120  fathoms  =  1  cable's  length. 

SPECIAL  MEASURE  OF  LENGTH. 

Land  Measure. 

7-92  inches     -    -    -  =  1  link. 
100      links  or  22  yards  =  1  chain. 
80      chains     -    -    -  =  1  mile. 
60-121  miles  -   -    -   -  =  1  geographical  degree. 

Nautical  Measure. 

1  nautical  mile  =  6082*66  feet. 
3  miles            =       1  league. 
20  leagues          =       1  degree. 
360  degrees         =  the  earth's  circumference. 

Note  — Bowditch  gives  6120  feet  in  a  sea  mile,  wbich,  if  taken  as  the  length, 
■will  make  the  divisions  51  feet  and  5  l-io  feet  for  the  knot  and  fathom. 

Pendulums. 

6  points  =  1  line. 
12  lines    =  1  inch. 


CLOTH  MEASURE. 


2}  inches      =     1  nail. 
4  nails  =     1  quarter. 

4  quarters     =    1  yard. 


3  quarters   =   1  Flemish  ell. 

5  quarters   =   1  English  ell. 

6  quarters  =   1  French  ell. 


COMPARATIVE  MEASURE  OF  LENGTH. 


3  miles  =  1  league,  marked  lea. 
'^f     "     =1  French  league. 

3|-    "    =1  Spanish  league. 

4  "    =  1  German  mile. 
Z\    «    =1  Dutch  mile. 


\\  mile  =  1  Italian  mile. 

\\    "    =1  Eussian  verst. 
1^^   "    =1  Scotch  mile. 
lA   "    =1  Irish  mile. 
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144   square  inches  = 
9       "     feet  = 


MEASURE  OF  SURFACE,  OR  SQUARE  MEASURE. 

square  foot. 
"  yard. 

2721  feet     =1     "     rod  or  pole. 

30^      "     yards  = 
40       "     rods  = 
4       "     roods  = 
640       "     acres  = 


pole, 
rood, 
acre, 
mile. 


SPECIAL  MEASURE  OF  SURFACE. 

For  Land. 

62-7264  square  inches  =  1  square  link. 
10  000  "     links  =1     "  chain. 

'  10  "      chains  =  1  acre. 

NoTE.-By  these  tables,  land  measure  and  artificers'  work  are  computed. 

MEASURE  OF  SOLIDITY,  OR  CUBIC  MEASURE. 

1728  cubic  inches  =  1  cubic  foot. 

27     "     feet  =  1  y*^*^' 

50     "      "  of  round  timber  =  1  ton. 
40     "      "  of  hewn      "     =1  ton. 
40    "      "  of  shipping  "    =  1  ton. 
Ig    ((      «.._..-=  1  cord  toot. 
8  cord  feet  or  128  cubic  feet  =  1  cord  of  wood. 
KOTK.-A  cubic  foot  is  equal  to  2200  c.^^n^^^^^^^^^ 
S:?aSt%"Alt^  ioaf  a  cub^o'^^nch^Uls  -03617  Ibl;  a  cyUndrical 
inch  equals  -02642  lbs. 

WEIGHTS  AND  MEASURES. 

Dry  Measure. 

2  pints  =1  quart.  ,  8  quarts  =  1  peck. 

4  Quarts  =  1  gallon.  4  pecks  =  1  bushel. 

U.  8.  AND  IMPERIAL  (BRITISH)  MEASURES. 
1  quarter  of  wheat  =  8  bushels. 
231        cubic  inches  =  1  Wiucliester  or  U.  S.  gallon. 

ti        "      =  1         "         ale  gallon. 
oT^O.42       "       "     =1         "        or  U.  S.  bushel.  . 
277-274     "        "      =  1  Imperial  gallon,  for  dry,  beer,  and  wmc. 
2218-19-3     "       «      =1      "  bushel. 

tains  2150-42  cubic  inclies. 
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WEIGHTS  AND  3VIEASUKES. 


MISCELLANEOUS  MEASURE. 

For  Various  Purposes. 

1  chaldron         =  36  bnshels,  or  57-25  cubic  feet. 
1  perch  of  stone  =  16^  cubic  feet, 
lhaud  =  4  inches. 

Ispan  =  9  inches, 

1  cubic  foot  of  anthracite  coal,  weighs  from  50  to  55  lbs 
t  bituminous  coal,         "       "    42  "  55  u 

1     '      "       Cumberland  coal,        "  53  u 

1    ^"      "       charcoal,  (hard  wood)  «  18-5  « 

1  '  "       (piiie)  18  « 

MEASURES  OF  WEIGHT. — TROY. 

By  which  Gold,  Silver,  and  Precious  Stones  are  weighed. 

24  grains  =  1  pennyweight. 

2d  pennyweights  =  1  ounce. 
12  ounces  =  1  pound. 

flneiiess  of  metals,  sucli  gold  as  will  abidK  «ffi^  distinguish 

24  carats  tlno ;  if  it  lose  2  carats  in  trial  iHs  P«^  accounted 

of  silver  which  loses  noth?uS  tnSf2  Sefto^^  ^  P"""^ 

weights,  it  is  11  ounces  17  pSiny  weights  flieX!        '  ®  ^ 

AVOIRDUPOIS,  OR  THE  GENERAL  MEASURES  OF  Wi:iGHT, 
27^^  Troy  grains  =  1  dram. 
16    drams  =  1  ounce. 

16    ounces         =  1  pound 


28    pounds    =  1  quarter. 

4  quarters  =  1  ewt. 
20     cwt.        =1  ton. 


1  lb.  avoir.  =  14  oz.  11  pwt.  16   gr.  trov. 

1  oz.      "  =  18  51 

1  dr.     "  =  I    u     311    II  ,1 

llri^'u^  Sr^iim  =  1  lb.  avoh-dupois. 

.^2  =  lib.  troy. 

1/5        pounds  =  144  lbs.  avoirdupois. 

1/5    "    ounces  =  192  oz.  " 

4o7^  "   grains  =  1  oz.  '< 

1        pound  =  •82281b.  " 


THE  RELATIVE  VALUE  OP  TROY  AND  AVOIRDUPOIS  WEIGHTS.* 


Troy  lb. 
Avoir,  lb. 
Avoir  lb. 
Troy  lb. 


1 

0-823 

2 

1-646 

3 

2-409 

4 

3-291 

5 

4-114 

6 

4-937 

7 

5-760 

8 

6-583 

9 

7-406 

1 

1-215 

2 

2-431 

3 

3-646 

4 

4-861 

5 

6-076 

6 

7-292 

7 

8-507 

8 

9-722 

9 

10-937 

the  avc.irdupoisiiTue  1  rSortio^^^^^^ 
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ALE  AND  BEER  MEASURE. 

Pints. 

2  =     I  qnart. 
8  =     4  —    1  gallon. 
72=  36=    9=   1  firkin. 
144  =  72—  18  =  2  =  1  kilderkin. 
283  =  144  =  36  =  4  =  2  =  1  barrel. 
432  =  216  =  54  =  6  =  3  =  li  =  1  hogshead. 
576  =  288  =  72  =  8  =  4  =  2  =  IJ  =  1  puncheon. 
864  =  432  =  108  =  12  =  6  =  3  =  2  =  1^  =  1  butt. 

The  standard  U.  S.  gallon  measures  231  cubic  inches,  and  contains 
8-3388822  pounds  avoirdupois  =  58372-1757  grains  troy,  of  distilled 
water,  at  its  maximum  density  39-83°  Fahrenheit,  and  30  inches  ba- 
rometer height. 


WINE  MEASURE. 

Pints. 

2  =      1  quart. 
8  =      4  =     1  gallon. 
336  =  168  =  42  =  1  tierce. 
504  =  252  ---  63  =  li  =  1  liogshead. 
672  =  336  =  84  =  2  =  1^  =  1  puncheon. 
1008  =  504  =  1-26  =  3  =2  =  1^  =  1  pipe. 
2016  =  1008  =  252  =  6  =  4  =  3  =  2  =  1  ton. 

The  English  Imperial  gallon  measures  277-274  cubic  inches,  contain- 
ing 10  lbs.  avoirdupois  of  distilled  water,  Aveighed  in  air,  at  the  tem- 
perature of  6-2°,  the  barometer  at  30  inches. 


SQUARE  MEASURE. 
Inches.    Feet.     Yards.       Eods.  Eoods. 
l=.00694  =.000772  =.0000255=.00000064^ 
144=       1  =.111      =.00376   =.0000918  = 
1296=       9  =         1  =.0331     =.000826  = 
39204=    272i=       30i=  1=.025 
1568160=  10890  =    1210  =         40=  1 


Acres.    Square  metres. 

:  .000000159=  .000645 


6272640=  43560  =    4840  = 


160=4 


:  .000023 
:  .0002062 
:  .00625 
.25 
:  1 


£929 
:  .8361 
:  25.292 
:  1011.7 
:  4046.7 


CUBIC  MEASURE. 
Inches.         Feet.  Yards.        Cubic  metre. 

1  =     .0005788  =  .000002144  =  .000016386 
1728=  1  =  .03704  =.028315 

46056  =  27  =  1  =  .764513 
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USEFUL  NUMBERS  IN  CALCULATING  WEIGHTS  AND  MEASURES,  ETC. 


Square  inclies 

X 

•007 

=     square  feet 

Circular  inches 

X 

•00546 

  ((  11 

Square  feet 

X 

•111 

=    square  yards 

Cube  feet 

X 

7-48 

=    U.  S.  gallons 

Cube  iuehes 

X 

5-004329 

  ((  i( 

Cylindrical  inclies 

X 

•0034 

  <(  « 

U.  S.  gallons 

X 

•13367 

=     cube  feet 

CUBIC,  OR  SOLID  MEASURE. 

To  find  the  Cubical  Contents  in  a  Stick  of  Timber. 
IS  all  the  dimensions  are  in  feet,  multiply  the  length  by  the 
breadth,  and  this  product  by  the  depth,  to  obtain  the  number  of  cubic 
feet. 

If  the  length  is  in  feet  and  the  -width  and  depth  in  inches,  multi- 
ply the  length  by  the  -width,  and  this  product  by  the  depth  in  inches ; 
then  divide  the  last  product  by  144  for  the  cubic  feet. 

If  all  the  dimensions  are  in  feet  and  inches,  reduce  the  -whole  to 
inches ;  then  multiply  the  length,  breadth  and  depth  together,  and 
divide  the  product  by  1728,  to  obtain  the  cubic  feet. 


FOREIGN  MEASURES  OF  LENGTH  COMPARED  -WITH  AMERICAN. 


Places. 

Amsterdaui, 
Antwerp  . . . 

Kavaria  

Berlin  

Bremen  ... 

Brussels  

Chlua  


Copenhagen 
Dresden . 
Ensliind. 
Florence 
France  . . 


Geneva  . 
Genoa  . . . 
Hamburg 
Hanover. 
Leipslc  .. 
Lisbon... 


Foot. 


"  raathematlc 
"  Imilder's 
"  tradesman's 
"  surveyor's 

u 
« 

Braccio  

Pied  de  Roi . . 

Metre  

Foot  

Palrao  

Foot...,  

Palmo  


Inches. 

11-14 
11-24 

11-  42 

12-  19 
11-38 

11-  45 

13-  12 

12-  71 

13-  32 
12-58 
12  35 

11-  14 

12-  00 
21-69 
12-79 
3,V38l 
19-20 

9-72 
11-29 
11-45 

11-  11 

12-  96 
8-64 


Places. 


Malta  

Moscow. .. 

Naples  

Prussia . . . 

Persia  

Rhineland 

Riga  

Rome  

Russia  

Sardinia  . . 

Sicily  

Spain  


Strasburg 
Sweden . . 

Turin  

Venice . . . 
Vienna. .. 

Zurich  

Utrecht. .. 
Warsaw 


Foot . . 

Palmo. 
Foot  .. 
Arish.. 
Foot .. 


Palmo. 

Foot 
Toesas 
Palmo. 
Foot  .. 
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The  French  unit  of  length,  called  the  metre,  haa  been  taken  as  be- 
in"-  the  ten  millionth  part  of  the  quadrant  of  a  meridian  passing 
through  Paris;  that  is  to  say,  the  ten-milUonth  part  of  the  distance 
between  thQ  equator  and  the  pole,  measured  through  Paris.  It  is 
equal  to  39-3707898  inches.  The  metre  is  divided  into  one  thonsand 
millimetres,  one  hundred  centimetres,  and  ten  decuneters  ;  Avhile  a 
aecameter  is  ten  metres;  a  hectometre  one  hundred  metres,  a  kilo- 
metre one  thousand  metres,  and  a  myriametre  ten  thousand  metres. 
The  foUowing  table  gives  the  value  of  these  measurements  in  English 
inches  and  yards : 


In  Euglisli  Inches. 

Jn  English  Tards. 

0-03937 

0-0010936 

0-39371 
3-93708 
39-37079 
393-70790 
3937-07900 
39370-79000 

0-0109363 

0-  1093633 

1-  0936331 
10-9363310 

109-3633100 
1093-6331000 

393707-90000 

10936-3310000 

One  English  yard  is  equal  to  0-91438  metre;  while  one  mile  is  equal 
to  1-60931  kilometres. 

Unit  of  Surface.— For  the  unit  of  surface,  the  square  inch,  foot,  and 
yard  adopted  in  this  country  and  in  England  are  replaced  in  the  met- 
ric system  by  the  square  millimetre,  centimetre,  decimetre,  and  metre. 

1  square  metre  =  1-1960333  square  yards, 

1  square  inch   =  6-4513869  square  centimetres. 

1  square  foot    =  9-2899683  square  decimetres. 

1  square  yard   =  0-83609715  square  metre. 


CONVEllSIOX  OP  ENGLISH  INCHES  INTO  CENTIMETRES. 


0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


Ct.  Mt 
0-000 
25-40 
60-80 
76-20 
101-60 
127.00 
152-40 
177.80 
203-20 
228-60 
254.00 


■ ' 

8 

3 

4 

ct.  Mt. 

Ct.  Mt. 

Ct.  Mt. 

Ct.  Mt. 

2-540 

5-080 

7-620 

10-16 

27 -BO 

30-48 

33-02 

35-56 

63-34 

65-88 

68-42 

60-96 

78-74 

81-28 

83-82 

86-36 

104-14 

106-68 

109-22 

111-76 

12'J-54 

132-08 

134-62 

137-16 

154-94 

157-48 

160-02 

162-56 

180-34 

182-88 

185-42 

187-96 

205  74 

208-28 

210-82 

213-36 

231-14 

233-68 

236-22 

238-76 

256.54 

259-08 

261-62 

264-16 

G 


Ct.  Mt. 
12-70 
38-10 
63-50 
88-90 
114-30 
139-70 
165-10 
190-50 
215-90 
241-30 
266-70 


Ct.  Mt. 
15-24 
40-64 
66-04 
91-44 
116-84 
142-24 
167-64 
193-04 
218-44 
243-84 
269-24 


Ct.  Mt. 
17-78 
43-18 
68-58 
93-98 
119-38 
144-78 
170-18 
195-58 
220-98 
246-38 
271-78 


8 


Ct.  Mt. 
20.32 
45-72 
71-12 
96-52 
121-92 
147-32 
172-72 
198-12 
223-52 
248-92 
274-32 


9 


Ct.  Mt. 
22.86 
48-26 
73-66 
99-06 
124-46 
149-86 
175-26 
200-96 
226-06 
251-46 
276-85 
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CONVERSION  OF  CENTIMETRES  INTO  ENGLISH  INCHES. 


Ct.  Mt. 

0 

1 

2 

4 

S 

C 

7 

8 

0 

Inches. 

Indies. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

cbes. 

Inches. 

Inches. 

0 

O'OOO 

0-394 

0-787 

1-181 

1-575 

1-969 

2-362 

2-756 

3-150 

3-543 

]0 

3-937 

4-331 

4-742 

5-118 

5-512 

5-906 

6-299 

6-693 

7-087 

7-480 

20 

7-87  4 

8-268 

8-662 

9-055 

9-449 

9-843 

10-236 

10-630 

11-024 

11-418 

30 

11-811 

12-205 

12-599 

12-992 

13-386 

13-780 

14-173 

14-567 

14-961 

15-355 

40 

15-748 

16-142 

16-536 

16-929 

17-323 

17-717 

18-111 

18-504 

18-898 

19-292 

60 

19-085 

20-079 

20-473 

20-867 

21-260 

21-654 

22-048 

22-441 

22-835 

23-229 

60 

23-G-22 

24-016 

24-410 

24-804 

25197 

25 -.591 

25-985 

26-378 

26-772 

27-166 

70 

27-oGO 

27-953 

28-347 

28-741 

29-134 

29-528 

29-922 

30-316 

30-709 

31-103 

80 

31-497 

31-890 

32-284 

32-678 

33-071 

33-465 

33-859 

34-253 

34-646 

35-040 

90 

35-434 

35-827 

36-221 

36-615 

37-009 

37-402 

37-796 

38-190 

38-583 

38-977 

39-370 

39-764 

40-158 

40-552 

40-945 

41.339 

41-733 

42-126 

42-520. 

42-9U 

CONVERSION  OF  ENGLISH  FEET  INTO  METRES. 


Feet 

0 

1 

2 

3 

4 

S 

6 

7 

8 

9 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

Met. 

0 

0.000 

0-3048 

0-6096 

0-9144 

1-2192 

1-5239 

1-8887 

2-1335 

2-4383 

2-7431 

:o 

3-0179 

3-3527 

3-6575 

3  •96-23 

4-2671 

4-5719 

4-8767 

5-1815 

5-4863 

5-7911 

20 

6-0359 

6-4006 

6-7055 

7  -0102 

7-3150 

7-6198 

7-9246 

8-2294 

8-5342 

8-8390 

30 

9-1438 

9-4486 

9-7534 

10058 

10-363 

10-668 

10-972 

11-277 

11-582 

11-887 

40 

12-192 

12  496 

12-801 

13-106 

13-411 

13-716 

14-020 

14-325 

14-630 

14-935 

50 

15-239 

15-544 

15-849 

16-154 

16-459 

16-763 

17-068 

17-373 

17-678 

17-983 

60 

18-287 

18-592 

18-897 

19-202 

19-507 

19-811 

20-116 

20-421 

20-726 

21-031 

70 

21-335 

21-640 

21-945 

22-250 

22-5.55 

22-859 

23-164 

23-469 

23-774 

24-079 

80 

24-383 

24-688 

24-993 

25-298 

25-602 

25-907 

26-212 

26-517 

26-822 

27-126 

90 

27-431 

27-736 

27-041 

28-346 

28-651 

28-955 

29-260 

29-565 

29-870 

30-174 

100 

30-479 

30-784 

31-089 

31-394 

31.698 

32-003 

32-308 

32-613 

32-918 

33-222 

CONVERSION  OF  METRES  INTO  ENGLISH  FEET. 


Metres. 

0 

1 

2 

3 

4 

5 

G 

7 

8 

9 

Feet. 

1  Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

Feet. 

0 

0  000 

3-2809 

6-5618 

9-8427 

13-123 

16-404 

19-685 

22-966 

26-247 

29-528 

10 

32-803 

36-090 

39-371 

42-651 

45-932 

49-213 

52-494 

55-775 

59-056 

62-337 

20 

65-618 

68-899 

72-179 

75-461 

78-741 

82-022 

85-303 

88-584 

91  -865 

95-146 

30 

98-427 

101-71 

104-99 

108-27 

111-55 

114-83 

118-11 

121-39 

124-67 

127-96 

40 

131-24 

134-52 

137-80 

141-08 

144-36 

147-64 

150-92 

1.54-20 

157-48 

160-76 

50 

164-04 

167.33 

170-61 

173-89 

177-17 

180-45 

183-73 

187-01 

190-29 

193-57 

00 

196-85 

200-13 

203-42 

206-70 

209-98 

213-26 

216-54 

219-82 

223-10 

226-38 

70 

229-66 

232-94 

236-22 

239-51 

242-79 

246-07 

249-35 

252-63 

255-91 

259-19 

80 

262-47 

205-75 

269-03 

272-31 

275-60 

278-88 

282-16 

285-44 

288-72 

292-00 

90 

295-28 

298-56 

391-84 

305-12 

308-40 

311-69 

314-97 

318-25 

321-53 

324-81 

i;o 

32.j-(i;) 

331-37 

334-65 

337-93 

341-21 

344.49 

347-78 

351-06 

354-34 

357-62 

WEIGHTS  AND  MEASURES. 
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FRENCH  SQUARE  MEASURE,  UNITED  STATES. 

1  square  millimetre  —     .001549  square  inches. 

1  square  ceutimetre  =     .1549^8  " 

1  square  decimetre  =  15.4988  " 

1  square  metre  =      10.763058  square  feet. 

1  square  decametre  =   1076.3058  " 

1  square  decare  =  10763.058  « 

1  square  licctare  =       2.47086  U.  S.  acres. 

1  square  kilometre  =    247.086  " 

1  square  myriametre  =  24708.6  " 


FRENCH  CUBIC  OR  SOLID  MEASURE,  U.  S. 

Cubic  Inches. 

=  .0610165 
=  .610165 
=  6.10165 
=  61.0165 
=  610.165 

Cubic  feet. 

10  decalitres      "      1  hectolitre  =  3.53105 

10  hectolitres     "      1  kilolitre  or  cubic  metre  =  35.3105 
10  kilolitres       "      1  myriolitre  =  353.105 


Millitre,  or  cubic  centimetre 
10  millitres     make  1  centilitre 
10  centilitres     "     1  decilitre 
10  decilitres      "     1  litre 
10  litres  "     1  decilitre 


FRENCH  MEASURE,  UNITED  STATES  STANDARD. 


1  millimetre 
10  millimetres  make  1  centimetre  : 


10  centimetres 
10  decimetres 
10  metres 

10  decametres 
10  hectometres 
10  kilometres 


1  decimetre  = 
1  METRE  - 
1  decametre  = 

1  hectometre  = 
1  kilometre  = 
1  myriametre; 


Inches. 

=  -ij  inch  nearly,  or  .0393685 
--  i  inch  full,  or  .393685 
:  4  inches  nearly,  or  3.93685 
:  3  feet  3f  inches  +,  or  39.3685 
:  32.871  feet,  or  393.685 

Miles. 

323.071  feet,  or  .06^1347 
:  3280.71  feet,  f  or  .6213466 
:  32807.1  feet,  6^  or  6.213466 
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WEIGHTS  AND  MEASURES. 


Drams.  Ozs. 
1  =.0625  : 

16=  1: 

256=  16: 
7168=  448: 
28672=  1792: 
573440  =3.5840: 


AVOIRDUPOIS  WEIGHT. 


Lbs. 


Qrs. 


Cwts. 


Tons.      Frencli  Grammes 


=.0039  =.000139  =.000035  =.00000174  =  1.771846 

=.0625  =.00223  =.000558  =.000028    =  28.34954 

:      1=.0357    =.00893  =.000447    =  453.59 

:    28=         1=.25       =.0125       =  12,700 

=  112=         4=         1=.05          =  50,802 


: 2240 : 


80  = 


20  = 


1  =1,016,048 


Note.— The  standard  pound  avoirdupois  is  tlie  weight  of  27*7015  cubic 
inches  of  distilled  water  at  39-83°  Fahrenheit,  barometer  30  inches,  and 
weighed  in  the  air. 


Grains.  Pwts. 
1  =  .04167 
24  =  1 
480=  20 
5760  =  240 


TROY  WEIGHT. 

Ozs.  Lbs.       French  Grammes. 

=     .00208  =  .0001736  =  .0648 

=     .05      =  .004167  =  1.555 

=    1         =  .0833      =  31.1035 


=  12 


=  1 


373.242 


175  lbs.  troy  =  144  lbs.  avoirdupois. 
Lbs.  avoirdupois  X  .82286  =  lbs.  troy. 
Lbs.  troy  X  1.2153  =  lbs.  avoirdupois. 


LONG  MEASURE. 

Inches.    Feet.    Yards.     Faths.  Poles.  Furlongs.      Miles.    French  metrea 
1  =  .083  =.02778  =.0139  =.005  =  .00012;]=  .0000158  =  .0254 
12=     1  =.333     =.1667  =.0606=  .00151  =.0001894=  .3048 
36=     3  =       1  =.5      =.182  =  .00454  =.000568  =  .9144 
72  =     6  =       2  =      1  =.364  =.0091    =.001136  =  1.8287 
198=    m=       5i=      2i=      1=.025     =.003125  =  5.0291 
79Z0  =  660  =    220  =  110  =    40=  1=  .125       =  201.16 

633G0  =5280  =  1760  =  880  =  320=         8=  1  =1609.315 

Apoint  =  7Vi"icli.  Aline  =  6point8  =  Tijinch.  A  palm  =  3  inches. 
A  span  =  9  inches.  A  hand  =  4  inches.  A  fathom  =  6  feet.  A  cable's 
length  =  120  fathoms  =  720  feet.  A  Gunter's  chain  =  66  feet  =  4  rods. 
80  Gunter's  chains  =  1  mile.  A  nautical  or  sea-mile  =  6086.07  feet,  or 
iii'gug  part  of  the  earth's  circumference  at  the  equator  =  1.152664  geo- 
graphical or  land  miles.  1  degree  at  equator  =  69.160  land  miles.  1 
land  mile  =  .86755  of  a  nautical  mile. 


WEIGHT  OF  WATER. 
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TABLE 


SHOWING  TIIK  WEIGHT  OF  WATER. 


1  cubic  inch 

12  cubic  inches 

1  cubic  foot 

1  cubic  foot 

1.8  cubic  foot 

35.84  cubic  feet 

1  cylindrical  inch 

12  cylindrical  inches 

1  cylindrical  foot 

1  cylindrical  foot 

2.282  cylindrical  feet 

45.64  cylindrical  feet 

11.2  Imperial  gallons 

224  Imperial  gallons 

13.44  U.  S.  gallons 

268.8  U.  S.  gallons 


,03617  pounds. 
.434  " 
62.5  " 

7.50  U.  S.  gallons. 

112.00  pounds. 
2240.00  " 
.02842  " 
.341  " 
49.10  " 

6.00  U.  S.  gallons. 

112.00  pounds. 
2240.(  0  " 
112.00  " 
2240.00  " 
112.00  " 
2240.00  " 


TABLE 


SHOWING  THE  WEIGHT  OF  WATER  AT  DIFFERENT  TEMPERATURES. 


Tpmpernture, 
FaUreuheit. 

Wpiglit  of  a  oubic 
fuut  iu  pouuds. 

Temperature, 
Fahrenheit. 

"Weight  of  a  oubic 
fout  iu  pounds. 

40° 

62.408 

172° 

60.72 

42° 

62.406 

182° 

60.5 

52° 

62.377 

192° 

60.28 

62° 

62.321 

202° 

60.05 

72° 

62.25 

212° 

59.82 

82° 

62.15 

230° 

59.37 

92° 

62.04 

250° 

58.85 

102° 

61.92 

275° 

58.17 

112° 

61.78 

300° 

57.42 

122° 

61.63 

350° 

55.94 

132° 

61.47 

400° 

54.34 

142° 

61.30 

450° 

.52.70 

152° 

61.11 

500° 

51.02 

162° 

60.92 

600° 

47.64 
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DIAMETRAL  PITGH. 


DIAMETRAL  PITCH. 

This  metliod  of  denoting  the  size  of  gear  wheels  is  based  upon 
the  folloAving  theory  : 

The  diameter  of  the  wheel  at  the  pitch  circle  is  supposed  to  he 
divided  into  as  many  parts  as  there  are  teeth  in  the  Avheel ;  then  the 
length  of  one  of  these  parts  is  the  diametral  pitch. 

Suppose  we  are  given  a  diametral  pitch  of  2.  To  obtain  the  corre- 
sponding arc  pitch  we  divide  3-1416  (the  relation  of  the  circumference 
to  the  diameter)  by  2  (the  diametral  pitch)  and  3-1416  -^2=  1-57= 
the  arc  pitch  in  inches  and  decimal  parts  of  an  inch.  If  we  are  given 
an  arc  pitch  to  find  a  corresponding  diametral  pitch,  we  again  simply 
divide  3-1416  by  the  given  arc  pitch.  Example :  What  is  the  diame- 
tral pitch  of  a  wheel  whose  arc  pitch  is  1 J  inches  ?  Here  3-1416  —  1-5 
=  2-09  =  diametral  pitch. 


Below  is  Brown  &  Siiarpe's  table  of  circular  and  diametral 
pitches,  which  will  be  found  very  useful. 

Diametral  pitch. 
2 

2-25 
2-5 

2-  75 
3 

3-  5 
4 
5 
6 
7 
8 
9 

10 
11 
12 
14 
16 
18 
20 
22 
24 
26 

In  using  diametral  pitch  to  order  wheels  it  is  sufficient  to  employ 
two  i)lace8  of  decimals;  but  where  mathematical  calculations  are 
concerned  it  ia  better  to  use  three  places  of  decimals. 


Arc  pitch. 

Arc  pitch. 

Diametral. 

1-57 

1-75  inch. 

1-79 

1-39 

1-5  " 

2-09 

1-25 

1-4375  " 

2-18 

1-14 

1-375  " 

2-28 

1-04 

1-3125  " 

2-39 

•890 

1-25  " 

2-51 

•785 

1-1875  " 

2-65 

•628 

1-125  " 

2-79 

•523 

1-0625  " 

2-96 

•448 

1-0000  " 

3-14 

•392 

0-9375  " 

3-35 

•350 

0-875  " 

3-59 

•314 

0-8125  " 

3-86 

•280 

0-75  " 

4-19 

•261 

0-6875  " 

4-57 

•224 

0-625  " 

5-03 

•196 

0-5625  " 

5-58 

•174 

0-5  " 

6-28 

•157 

0-4375  " 

7-18 

•143 

0-375  " 

8-38 

•130 

0-3125  " 

10-06 

•120 

0-25  " 

12-56 

MISCELLANEOUS  TABLES. 
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rAPEE. 

1  ream  =  20  quires  =  480  sheets. 

1  quire  =  24  sheets. 


DRAWING  PAPER. 


Cap. 


13  X  16  inches. 


Demy  

Mediuui   22 

Koyal.-   24 

Super  Royal   27 

Imperial   30 

Elephant   28 


"  15 
"  17 
"  19 
"  19 
"  21 
"  22 


Columbier   34  X  23  inches. 

Atlas  33  "  26  " 

Theorem  34  "  28 

Double  Elephant  40  "  26 

Antiquarian  52  *'  31 

Emperor  40  "  60 

Uncle  Sam  48  "120 


Continuous  Colossal  Drawing  Paper,  Ko.  A  and  No.  15, 
inches  wide,  and  of  any  required  length. 


TRACING  PAPER. 


Double  Crown   30  X  20  inches.  )  Glazed  or  Cryst  nl. 

Double  Double  Crown  i^,  (Yellow  or  Blue  \\  ove. 

Double  Double  Double  Crown.  60  "  40  ) 


SHEET  ZINC  AND  IRON. 


Sizef 

SUKET  ZINC. 

34  ill.  by  24, 28, 32, 3C  and  40  iucbes. 

RUSSIA  SUKET  IltON. 

Size  28  X  50  iu.  =  10.88  sq.  feet. 

Zinc 

■WIDTH  OF  6HKKT. 

24        1        32  1 

Bir.  W. 
gage. 

lUissUni 

WKIGHT  PKft 

Sheet.     1     Sq.  ft. 

Bir.  TT. 

No. 
8 

9 
10 
11 
12 
13 
14 
15 
16 
18 

l-ouiitis. 

6.23 
7.20 
8. 

8.90 
10.1 
11.1 
12.4 
16.2 
17.4 
21.9 

romiris. 

9.68 
11.2 
12.4 
13.8 
15.7 
17.3 
19.3 
25.2 
27.1 
34. 

rounds. 

12.1 

14. 

15.6 

17.3 

J9.7 

21.6 

24.1 

31 .6 

33.9 

42.6 

No. 

28 

27 

26 

25 

24i 

23 

22 

21 

20 

18 

No. 

7 
8 
9 
10 
U 
12 
13 
14 
15 
16 

rounds. 

6.25 

7.25 

8. 

9. 
10. 
10,75 
11.75 
12.5 
13.5 
14.5 

rounds. 

0..574 

0.666 

0.735 

0.827 

0.918 

0.987 

1.08 

1.15 

1.24 

1.33 

No. 

29 
28 
27 
26 
25 

24 
i  23} 

22f 
1  21i 

LENGTH  IN  INCHES  OF  PENNY  NAILS. 


liii. 
2(/. 


1.2,5 
■Ad. 


1.5 
id. 


1.75 
5d. 


2 


2.25 
Id. 


2.5 
8</. 


2.75 
9t<. 


3.5 
10 


4.25 
30 


6 

40 


5.5 
50 


27-2  MISCELLANEOUS  TABLES. 

TABLE  AND  EULE, 

FOR  THE  COMPUTATION  OF  THE   SIZES   OF  TAPPING  HOLES  FOR 


PIPE  TAPS. 


diaiuclcr. 

Outside 
(iittiuetiir. 

Oiitsiile. 
alliiwing  for 
the  taper. 

Dianii'ter  nt 
bottom  of 
tlirend  —  sizo 
ot  dril  ill 
i  lie  lies. 

i 

•405 

•3G2 

-298 

i 

•54 

•497 

•401 

1 

•G75 

•632 

•509 

i 

•84 

•777 

•654 

f 

1-05 

•987 

•837 

1 

1-315 

1-252 

M02 

li 

1-06 

1-586 

1-436 

1* 

1-9 

1-826 

1-676 

2 

2-375 

2-301 

2-085 

2i 

2-875 

2-769 

2-553 

3 

3-5 

3-399 

3-183 

3i 

4- 

3-899 

3-683 

4 

4-5 

4-399 

4183 

The  outside  diameters  are  from  Morris  and  Tusker's  table  of  stand- 
ard sizes. 

The  taper  used  in  calculating  is  that  given  by  Pratt  and  Whitney, 
1  inch  to  foot,  and  the  length  of  threads  on  i  to  f  is  inch,  ^  to  1  is  |, 
li  to  2  is  I,  and  2^  to  4  inches  is  li  inch.  The  rule  for  computing 
size  of  drills  is:  Subtract  from  the  outside  diameter  (after  allowing 
for  the  taper)  the  product  of  the  pitch  by  1-732,  which  gives  the 
diameter  at  the  bottom  of  the  thread,  or  the  size  of  the  required 
drill. 


TAPS  FOR  MACHINE  SCREWS. 


Diameter, 

Wire  gage  size. 

No.  threails  to  incli. 

No.  4 

36  &  40 

"  6 

30,  32,  33  &  40 

7 

30,  32,  36  A  48 

"  8 

30  &  32 

"  10 

20,  22  &  24 

"  12 

20,  22  &  24 

"  14 

16,  IS,  20,  22  &  24 

"  16 

16,  18,  20  &  22 

"  18 

10,  18  &  20 

t 

"  20 

16,  18  &  20 

"  24 

14,  16  &  18 

MISCELLANEOUS  TABLES. 
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ORDINARY  SIZES  AND  THICKNESSES  OF  IRON  WASHERS. 


Diameter  Size  of  hole  Thidcness,  'size  of  bolt, 
of  waslier.   in  waslier.  j  wire  gage.  | 


1 

H 
H 
li 

n 

H 

n 


i 

No.  13 

1  tJ 

"  13 

h., 
'i  b 

"  16 

f 

"  13 

"  13 

1 

2' 

i 

a  14 

u  14 

u  14 

9 

i 

"  12 
"  12 
"  12 

ii 

"  12 

1%' 

i 
i 

.5^ 


T  0 

1% 


Diameter 
of  washer. 


Size  of  hole 
ill  washer. 


U 
II 
II 

2 

2i 

2i 

2| 

3 

3i 
3i 
4 
4 


li\ 
li 
If 
U 
If 

u 

2i 


Thickness, 
wire  gage. 


No.  10 

f 

"  10 

n 

"  10 

i 

"  10 

4 

"  9 

1 

"  9 

1 

"  9 

li 

"  9 

li 

"  9 

If 

"  8 

H 

"  8 

n 

"  8 

2 

IRON  WIRE  ROPE. 


HOISTING  ROPE,  19  WIRES  TO  THE  STRAND. 


Trade  number. 

Circuntfurciice 
ill  iiurlius. 

Diameter. 

Trade  number. 

Circumference 
in  incites. 

Diameter. 

1 

2 
3 
4 
5 
6 
7 

61 
6 

5 

4f 

4 

3^ 

2i 
2 
li 
If 

H 
li 
H 

8 

9 
10 
Wi 

lOf 

3i 

21 

2i 

2 

If 

1 

1 
i 
f 

i 

ROPE,  WITH  7  WIRES  TO  THE  STRAND. 

Trade  number. 

Circumference 
in  inclies. 

Diameter. 

Trade  numl)er. 

Cirru  inference 
iu  inches. 

Diameter. 

11 

12 
13 
14 
15 
16 
17 
18 
19 

4f 

4i 

3f 

3f 

3 

2| 

2f 

2i 

11 

li 
If 
li 

H 
1 

i 
i 

f 

20 
21 
22 
23 
24 
25 
26 
27 

H 
If 
li 

1 

f 
f 

7 

1  6 
f 

i 
7 

1^ 

12* 


TABLE, 


Containing  the  Diameters,  Circumferences,  and  Areas  of  Circles,  and 
the  Sides  of  an  Equal  Square  from  -^^  Inch      to  26  Feet. 


•1963 
•3927 
•5890 
•7854 
•9817 
M781 
1-3744 
1-5708 
1-7671 

1-  9G35 

2-  1598 
2-3562 
2-5525 
2-7489 

2-  9452 

3-  1416 
3-3379 
3-5343 
3-7306 

3-  9270 

4-  1233 
4-3197 
4-5160 
4-7124 

4-  9087 

5-  1C51 
5-3014 
5-4978 

5-  6941 
5'8905 

6-  0868 


•0030 
•0122 
•0276 
•0490 
•0767 
-1104 
•1503 
•1963 
•2485 
•3068 
•3712 
•4417 
•5185 
•6013 
•6903 

•7854 
•8861 
•9940 
1-1075 
1-2271 
1-3529 
1-4848 
1-6229 
1-7G71 

1-  9175 

2-  0739 
2-23o5 
2-4052 
2-5801 
2-7G11 
2-9483 


bide  of  1 1 
equnl  ji 
square.  l 


•1107 
"•2155 
'•3223 
"•43ii" 
•5438 
•6646 
•7756 

•8862 
•9969 


1^0775 
l-2r85 


1-3293 
i"-4401 


1^5508 
l-GGlb' 


6-2832 
6-4795 


3-1416 
3-3411 


1-7724 


Diam. 

Circum. 

Area. 

equal 

square. 

2i  in. 

D-D/59 

—  — - 

3-o465 

1-8831 

3 

3-758-2 

i 

7-0686 

3-9760 

1  9939 

1 

7-2640 

4-2001 



7-4613 

4-4302 

2-1047 

1  s 

7-6576 

4-6664 

7-8540 

4-9037 

2-21,55 

f 

8-0503 

5-1573 

8-2467 

5-4119 

2-3262 

1  I 

-ft 

8-4430 

5-6727 

8-6394 

5-9395 

'2-4370 

8-83ri7 

6-21-26 

i 

9-0321 

6-4918 

2-5478 

1 .1 

9-2284 

6-7772 

3  in. 

9-4248 

7-06.6 

2-6586 

A' 

9-6211 

7-3662 

i 

9-8175 

7-6G99 

2-7694 

i 

10-0138 

7-9793 

10-2120 

8-2957 

2-8801 

-h 
1 

10-4065 

8-6179 

10-6029 

8-9462 

2-9909 

10-7992 

9-2806 

f 

10-9956 

9-6211 

3-1017 

f 

11-1919 

9-9678 

11-3883 

10-3206 

3-2124 

1  1 

11-5846 

10-6796 

i 

11-7810 

11-0446 

3-3232 

11-9773 

11-4L59 

i 

12-1737 

11-7932 

3-4340 

I .") 
1  b' 

12-3700 

12-1768 

4  in. 

12-.%04 

12-5664 

3 -.5448 

1 

]  b' 
i 

12-7G27 

12-9622 

12-9591 

13-3640 

3-6555 

fir 

13-1554 

13-7721 
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13-3518 
13-5481 
13-7445 

13-  9408 
14  1372 

14-  3335 
14-5299 
14-7262 

14-  9226 

15-  1189 
15-3153 
15.5716 


15-7080 

15-  9043 

16-  1007 
16-2970 
16-4934 
16-6897 

16-  8861 

17-  0824 
17-2788 
17-4751 
17-6715 

17-  8678 

18-  0642 
18-2605 
18-4569 
18-6532 


18-  8496 

19-  0459 
19-2423 
19-4386 
19-6350 

19-  8313 

20-  0277 
20-2240 
20-4204 
20-6167 

20-  8131 

21-  0094 
21-2508 
21-40-21 
21-5985 
21-7948 


14-1862 

14-  6066 

15-  0331 
15-4657 

15-  9043 

16-  3492 

16-  8001 

17-  2573 

17-  7205 

18-  1900 

18-  6655 

19-  1472 


19-  6350 

20-  1290 

20-  6290 

21-  1-252 
2^-6475 

22-  1661 

22-  6907 

23-  2215 

23-  7583 

24-  3014 

24-  8505 

25-  4058 

25-  9672 

26-  5348 

27-  1085 
27-6884 


28-2744 

28-  8665 

29-  4647 

30-  0798 

30-  6793 

31-  2964 

31-  9192 

32-  5481 

33-  1831 

33-  8244 

34-  1747 

35-  1252 

35-  7847 

36-  4505 

37-  1226 
37-8005 


3-7663 
'3-8771 

3-  9880" 
4.0987 

4-  2095 


4-3202 


4-4310 
4-'5Vl7 


4-7633 
4-8741 


4-  9848 
"5-()956 

5-  2064 


5-3172 
5-4280 


5-5388 
'5-6495 


5-7603 
"5'-'8711 


5-9319 
'6-0927 


21-  9912 

22-  1875 


38-  4846  6-2034 

39-  1749 


Diain. 

7i  in. 

-3, 


22-3839 
22-5802 
22-7766 

22-  9729 

23-  1693 
23-3656 
23-56:^0 
23-7583 

23-  9547 

24-  1510 
24-3476 
24-5437 
24-7401 
24-9364 


8  iu. 

A- 
i 

i 


25-1328 
25-3291 
25-5255 
25-7281 

25-  9182 

26-  1145 
26-3109 
26-5072 
26-7036 

26-  8999 

27-  0963 
27-2923 
27-4890 
27-6853 

27-  8817 

28-  0780 


39-  1783 

40-  5469 

41-  28-25 

41-  9974 

42-  7184 

43-  4455 

44-  1787 

44-  9181 

45-  6633 

46-  4153 

47-  1730 

47-  9370 

48-  7073 

49-  4833 


50  2656 
51-0541 

51-  8468 

52-  8994 

53-  4562 

54- 2748 

55-  0885 

55-  9138 

56-  7541 

57-  5887 

58-  4264 

59-  7762 

60-  1321 

60-  9943 

61-  86-25 

62-  7369 


9  iu. 

1 

TS 
i 

i 
I 


i 


28-2744 
28-4707 
28-6671 

28-  8634 

29-  0598 
29-2561 
29-4525 
29-6488 

29-  8452 

30-  0415 
30-2379 
30-4342 
30-6306 

30-  8269 

31-  0233 
31-2193 


63-  6174 

64-  5041 

65-  3968 

66- 2957 

67- 2007 

68-  1120 

69-  0-293 

69-  9528 

70-  88-23 

71-  8181 

72-  7599 

73-  7079 

74-  66-20 

75-  6223 

76-  5887 

77-  5613 
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Oiun. 

Oircuni> 

Area 

Side  of 
equal 
Squ„re. 

Diatn. 

Circum.  | 

Area. 

Slit  <S> 

ecual 
Sqjare. 

lOin. 

31-416 

78-540 

8-8620 

I5h'm. 

48-094' 

188-692 

"1F736 

i 

31-808 

80-515 

8-9728 

49  Uo/ 

i  9  I  ■  <  40 

10  oil 

t 

32-201 

82-516 

9-0836 

1 

49-480 

194-828 

13-957 

1 

32-594 

84-540 

9-1943 

i 

49-872 

197-933 

14-068 

32-  986 

33-  379 

33-  772 

34-  164 

86-590 
88 -664 
90-762 
92-885 

9-3051 
9-4159 
9-5267 
9-6375 

i 

t 

i 

I 

16  in. 
h 
i 

f 

50-265 

50-  658 
51051 

51-  443 

20r062 
204-216 
207-394 
210-597 

14.179 
14-290 
14-400 
14-511 

11  in. 

34-557 

95033 

9-7482 

i 

51-836 

213-825 

14-622 

34-950 

97-205 

9-8590 

f 

z\  10 1 1 

i 

35-343 

99-402 

9-9698 

8 
? 

52-621 

220-353 

14-843 

35-7^5 

101-623 

10-080 

i 

53  014 

223-654 

14-954 

4 
S 

1 

1 

36-128 
36-521 
36-913 
37. 306 

103-869 
10b  lo9 
108-434 
110-753 

10-191 

10-413 
10-523 

17  in. 
i 
i 

i 

53-407 

53-  799 

54-  192 
54-585 

226-980 
230-330 
233-705 
237-104 

15-065 
15-176 
15-286 
15-397 

12  in. 

37-699 

113-007 

10-634 

h 

54-978 

240-528 

15-508 

i 

38-091 

115-466 

10-745 

t 

00-37U 

24J  y77 

\o'o  ly 

i 
1 

38-484 

117-859 

10-856 

8 

55-763 

247-450 

15-730 

38-877 

120-276 

10-966 

i 

56156 

250-947 

15-840 

* 

i 

8 

39-270 

39-  662 

40-  055 

122-718 
125184 
127-676 
130-192 

11-077 
1 1  -188 
11-299 
11-409 

18  in. 

I 
i 
i 

56-548 

56-  941 

57-  334 
57-726 

254-469 
258-016 
261-587 
265-182 

15-  951 

16-  062 
16-173 
16-283 

13  in. 
i 

40-  840 

41-  233 

132-732 
135-297 

11-520 
11-631 

i 

58-119 
58-512 

268-803 
272*447 

16-394 
16-505 

i 

41-626 

137-886 

11-742 

i 

58-905 

276-117 

16-616 

f 

42-018 

140-500 

11-853 

i 

59-297 

279-811 

16-727 

42-411 

42-  804 

43-  197 
43-589 

143-139 
145-»02 
148-489 
151-201 

11-  963 

12-  074 
12- 185 
12-296 

i 

6 

? 
f 
I 

19  in. 

i 
1 

59-  690 

60-  083 
60-475 
60-868 

283-529 
287-272 
291-039 
294-831 

16-837 

16-  948 

17-  060 
17-170 

14  in. 
i 

43-  982 

44-  375 

153-938 
156-699 

12-406 
12-517 

4 

f 

61-261 
61  653 

298-648 
302-489 

17-280 
17-391 

i 

1 

44-767 

159-485 

12-628 

s 

? 

62-046 

306-355 

17-.502 

45-160 

162-295 

12-739 

7 
5 

62-439 

310-245 

17-613 

4 
1 
i 

45  553 
45-945 

46  338 
46  731 

165-130 
167-989 
170  873 
173-782 

12-850 

12-  960 

13-  071 
13182 

20  in. 
4 
i 
i 

62-  832 

63-  224 

63  617 

64  010 

314-160 
318-099 
322  063 
.326-051 

17-724 
17-834 

17-  945 

18-  0.56 

15  ii  . 

i 

47  124 
47  516 

176-715 
179-672 

13-293 
13  403 

4 
f 

64  402 
64-795 

.330-064 
334- 101 

18-167 
18-277 

i 

1 

47-909 

182-654 

13-514 

f 

65-188 

1338-163 

18-388 

48-302 

185-661 

13-625 

i 

65-580 

1342-250 

1  18-499 
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Side  of 

Diam. 

Cir''.um. 

Area. 

equal 

Square. 

21  in. 

65-7^3 

346-361 

18-610 

i 

66-366 

350-497 

18-721 

i 

66-759 

354-657 

18-831 

1 

67-151 

358-841 

18-942 

J 

67-544 

363-051 

19-053 

t 

D/  UOI 

19-164 

f 

68-329 

371-543 

19-274 

i 

68-722 

375-826 

19-385 

22  in. 

69115 

380-133 

19-496 

4 

69-507 

384-405 

19-607 

i 

69-900 

388-822 

19-718 

1 

70-293 

393-203 

19-828 

i 

70-686 

397-608 

19-939 

t 

71-078 

A\J  \)0\j 

1 

71-471 

406-493 

20-161 

i 

71-864 

410-972 

20-271 

23  in. 

72-256 

415-476 

20-382 

i 

72-649 

420004 

20-493 

i 
i 

73-042 

424-557 

20-604 

73-434 

429-135 

20-715 

i 

73-827 

433-731 

20-825 

t 

TtOO  ouo 

1 

74-613 

443014 

21-047 

i 

75005 

447-699 

21-158 

24  in. 

75-398 

452-390 

21-268 

i 

75-791 

457-115 

21-379 

i 

76-183 

461-864 

21-490 

1 

76-576 

460-638 

21-601 

i 

70-969 

471-436 

21-712 

f 

21-822 

J 

77-754 

481-108 

21-933 

i 

78-147 

485-978 

22-044 

25  in. 

78-540 

490-875 

22-155 

i 

78-932 

495-796 

22-265 

i 

79-325 

500-741 

22-376 

i 

79-718 

505-711 

22-487 

i 

80-110 

510-706 

22-598 

i 

80-503 

515-725 

22-709 

1 

80-896 

520-769 

22-819 

i 

81-288 

525-837 

22-930 

26  in. 

81-681 

530-930 

23-041 

i 

82-074 

536-047 

23.152 

82-467 

541-189 

23  062 

i 

82-859 

546-356 

23-373 

Diam. 

Circum. 

Area. 

equal 
Square. 

26*in. 

83-252 

551-547 

23-484 

t 

83-645 

556-762 

23-595 

i 

84-037 

562  002 

23-708 

5 

84-430 

567-267 

23-816 

<s  /  in. 

Ot/i  ooo 

23-927 

s 

85-215 

24-038 

i. 

T 

oD  DUo 

24-149 

a 
t 

OO  UUl 

Ooo  O  /  1 

24-259 

1 

9 

86-394 

593-958 

24-370 

1 

86-780 

599-370 

24-481 

1 

87-179 

604-807 

24-592 

i 

87-572 

610-268 

24-703 

28  in. 

DiO  (OO 

24-813 

1 

QQ  .QC'7 

Ho  oD  / 

\JAtL  ^uO 

24-924 

i 
S 

OO    1  OU 

O^O  /  JO 

A<0  V/Oo 

89-142 

Do.^  OO  / 

25-146 

1 

a 

89-535 

637-941 

25-256 

89-928 

643-594 

25-367 

i 

90-321 

649-182 

25-478 

5 

90-713 

654-839 

25-589 

29  in. 

OOU  0.gi 

25-699 

\ 

y  1  4yy 

ftf!R.907 
000  / 

25-810 

i 

8 

91-891 

f;71  .Q'^Q 

0/1  yoo 

R77.71  il 

92-677 

683-494 

26-143 

1 

93-009 

689-298 

26-253 

1 

93-462 

695-128 

26-384 

3 

93-855 

700-981 

26-478 

30  in. 

yt  zio 

/uo  oo'j 

^O  OoO 

I 

y4  U-iu 

i 
i 

yo  uoo 

71  Q-AQn 

/  lo  oyu 

yo  4:^0 

1 

2 

95-818 

730-618 

27-029 

f 

96-211 

736-619 

27-139 

i 

96-604 

742 -044 

27-250 

I 

96-990 

743-694 

27-361 

31  in. 

97-389 

754-709 

27-472 

i 

97-782 

760-868 

27-583 

\ 

f 

98-175 

703-992 

27-693 

98-567 

773-140 

27-804 

i 

98-968 

779-313 

27-915 

t 

99-353 

785-510 

28-026 

f 

99-745 

791-732 

28-136 

i  i 

100138 

797-978 

28-347 

278 
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Oiam. 

Circum, 

Arei 

Si.le  or 
S.iimrc. 

Circum* 

Area. 

Side  of 
equal 
Square. 

32  in. 

100-531 

804-249 

28-358 

STTin 

117-810 

1104-46 

33-232 

t 

190-934 

810-545 

28-469 

1 18-202 

1 1 1 1 1  -84 

33-343 

i 

101-316 

816-865 

28-580 

1 

1 18-595 

1 1 1 9  24 

1 

101-709 

823-209 

28-691 

I 

1 18-988 

1 126-66 

8 

102102 

829-578 

28-801 

102494 

835  972 

28  -  9 1 2 

OO  in. 

119-380 

1134-11 

33-675 

i 

102-887 

842390 

29-023 

]  19-773 

1141-59 

33-786 

8 

103-280 

84-8  •S'^'^ 

29-133 

120-163 

1149-08 

33-897 

i 

120-558 
120  951 

1156-61 
1164-15 

34  008 
34-1 18 

33  in. 

103-672 

855-30 

29-244 

i 

104055 

881-79 

29-355 

f 

121-344 

1171 -73 

34-229 

104-458 

888-30 

29-466 

1 

121'737 

1 179-32 

34-340 

I 

104-850 

874-84 

29-577 

J 

B 

122-129 

1 186-94 

34-451 

105.243 

881-41 

29-687 

t 

10.5  636 

888-00 

29-798 

6u  in. 

122-522 

1194-59 

34 -.561 

1 

4 

I 
8 

108  029 

894-61 

29-909 

122-915 

1202-26 

34-672 

106-421 

901-25 

^0-020 

1 

123-307 

1209-95 

34-783 

f 

123-700 

1217-67 

34-894 

34  in. 

103-814 

907-92 

30-131 

i 

124-093 

1225-42 

35-005 

107-207 

914-61 

30-241 

4 

8 

124-435 

1233"18 

3.5  - 1 1 5 

I 

107-599 

921-32 

30-352 

t 

124-878 

1  240  ■  OS 

f 

107-992 

928  03 

30-463 

I 

8 

125-271 

1248-79 

35-337 

i 

108-335 

934-82 

30-574 

1 

103-777 

941-60 

30-684 

4U  in. 

125-664 

1256-64 

35-448 

1 

109170 

948  41 

30  795 

i 

126-056 

1264-50 

35-5,58 

I 

8 

109-533 

95.5-25 

i 

126-449 

1272-39 

35-669 

g 

126-842 

1280-31 

35-780 

35  in. 

109-956 

962-11 

31-017 

1 

127-234 

1288-25 

35  891 

4 

110-348 

968-99 

31-128 

127*627 

1296  21 

Oft .009 

i 

110-741 

975-90 

31238 

f 

128-020 

36-1 12 

§ 

111134 

982-84 

31-349 

7 

128-412 

1312-21 

^fi-22^ 

111-526 

939-80 

31-460 

B 

111919 

996-78 

31  "571 

41  in. 

128-805 

1320-25 

36-334 

1 

112312 

1003  7 

31"681 

129-198 

1328-32 

36-445 

J 

u 

1 12  704 

10108 

31'792 

i 

129-591 

1336-40 

36  ,555 

§ 

129-  983 

130-  376 

1344-51 
13.52-65 

36-666 
36-777 

36  in. 

113-097 

1017-87 

31-903 

i 

113-490 

1024-95 

32-014 

1 

130-769 

1360-81 

36-888 

i 

113  883 

1032  06 

32-124 

1 

131-161 

1.369-00 

36-999 

i 

114-275 

103919 

32-235 

i 

131-5,54 

1377-21 

37-109 

t 

114-668 

1046-39 

32-346 

1 15-061 

10.53  .52 

32-457 

42  in. 

13r'H7 

1385-44 

37-220 

i 

1 15  4.53 

1060  73 

32-567 

i 

132-339 

1393-70 

37-331 

i 

1 15  846 

1067  95 

32-678 

i 

132-732 

1401-98 

37-442 

f 

133  125 

1410-29 

37 -.5.^  2 

37  in. 

1 16  239 

1075  21 

32-789 

i 

133-518 

1418-62 

37-663 

1 16  631 

1082  48 

32-900 

1 

133-910 

1426-98 

37-774 

i 

117-024 

1089-79 

33-011 

134-303 

1435-38 

37-885 

1 

117-417 

1097-11 

33-021 

i 

134-696 

1443-77 

37-996 
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Diam. 

Circum. 

Area. 

SiJe  of 
equal 
Square. 

Diam, 

Circum. 

Area. 

Side  of  ■ 

"42-980 
43-091 
43-202 
43  313 

43  in- 
s 
i 
1 
i 
f 
i 
5 

135-038 
135-481 

135-  874 
138-266 

136-  659 

137-  052 
13'7-445 
137-837 

1452-20 
1400-65 
1469-13 
1477-63 
1486-17 
1494-72 
1503-30 
1511-90 

33-108 
38-217 
38-323 
38-439 
33-549 
38-660 
33-771 
33-882 

48iin. 

i 

8 
i 

152-367 

152-  760 

153-  153 
153-545 

1847-45 
1856-99 
1838-55 
1876-13 

49  in. 

1 

8 
i 

f 

6 
J 
1 

153-  938 

154-  331 

154-  723 

155-  116 
155-509 

155-  901 

156-  294 
156-687 

1835-74 
1395-37 
1905-03 
1914-70 
1924-42 
1934-15 
1943-91 
1953-69 

43-423 
43  534 
43-645 
43-756 
43-867 

43-  977 

44-  088 
44-199 

44  in. 

i 

! 
J 

1 
i 
5 

133-230 

138-  623 

139-  015 

139-  403 
139  801 

140-  193 
140-586 
140-979 

1520-53 
1529-18 
1537-86 
1546-55 
1555-28 
1564-03 
1572-81 
1581-61 

38-  993 
39  103 

39-  214 
39-325 
39-436 
39-543 
39-657 
39-768 

50  in. 

i 
i 

3 
? 

157-080 

157-  865 

158-  650 

159-  435 

1963-50 
1983-18 
2J02  yo 

2022-84 

44-310 
44-531 

44:  lOo 

44-974 

45  in. 

i 
1 
i 
t 
J 
i 

141-372 

141-  764 

142-  157 
142-550 

142-  942 

143-  335 

143-  728 

144-  120 

1590-43 
1599-28 
1603-15 
1617-04 
1625-97 
1634-92 
1643-89 
1652-88 

39-879 

39-  989 

40-  110 
40-211 
40-322 
40-432 
40-.543 
40-654 

51  in. 

I 
1 

Q 

i 

160-  221 
161  007 

161-  792 

162-  577 

2042-82 
2062-90 
2033-07 
2103-35 

45-193 
45-417 
45-639 
45-861 

52  in. 

i 
i 

s 

1 

163-  333 

164-  148 

164-  934 

165-  719 

2123-72 
2144-19 
2164-75 
2185-42 

46-082 
46-304 
46-525 
46-747 

46  in. 

u 

i 
1 

1 
* 

i 

144-513 

144-  90G 

145-  299 

145-  691 

146-  084 
146-477 

146-  839 

147-  262 

1631-90 
1670-95 
1630-01 
1689-10 
1698-23 
1707-37 
1716-54 
1725-73 

40-765 
40-876 

40-  936 

41-  097 
41-208 
41-319 
41-429 
41-540 

53  in. 
i 
i 
i 

166-  504 

167-  290 

168-  075 
163-861 

2205-18 
2227-05 
2248-01 
2269  06 

46-  968 

47-  190 
47-411 
47-633 

54  in. 

i 
t 

h 

1 

169-  64C 

170-  431 

171 -  2  n 

172-  OOS 

2290-22 
2311-48 
'  2332-83 
,  2354-28 

47-  854 

48-  076 
48-298 
48-519 

4-/  in. 

1 

i 

i 

147-  655 

148-  04? 

148-  440 
143-833 

149-  22G 

149-  61S 

150-  011 
150-40-1 

1734-94 
1744-18 
1753-45 
1762-73 
1772-05 
1731-39 
1790-76 
1800-14 

41-651 
41-762 
41-873 

41-  983 

42-  094 
42-205 
42-316 
42-427 

55  in. 

? 
1 

2 
V 

172-  736 

173-  57i 

174-  35f 

175-  14^ 

J  2375-83 
5  2397-48 
I  2419-22 
12441-07 

48-741 

48-  962 

49-  184 
49-405 

48  in. 
i 

i 

150-  79C 

151-  18C 
151-58i 
151-974 

1809-56 
) 1818-99 
I  1823-46 

1 1837-93 

42-537 
42-648 
42-759 
1  42-870 

56  in. 
i 

2 

i 

175-  921 

176-  7U 

177-  50( 

178-  28. 

)  2403-01 
5'2485-05 
),2537-19 
3:2529-42 

49-627 

49-  848 

50-  070 
50-291 
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Diam, 

Circum. 

Area, 

SiJe  of 
Square. 

Diam. 

Circum. 

Area. 

Side  of 
equal 
Square. 

57  in. 

1 
1 

3 

s 

179071 
179-85G 
I  fta.fi/i9 

181-427 

2551-76 
2574-19 

2619-35 

50-513 

50-  735 

51-  173 

67  in. 
\ 

2 
3 
4 

210-  487 

211-  272 
*  12  058 

212-  843 

3525-08 
3552-01 
3578-47 
3605-03 

59-375 
59-597 

59-  818 

60-  040 

68  in. 
i 

JL 
5 

i 

182  212 
182-93S 

loo 

184-569 

2642-08 
2664-91 

2710-85 

51-399 

51-  621 

K  1  ,QA  O 

52-  034 

68  in. 
i 

f 

213-  628 

214-  414 

215-  199 
215-985 

3631-68 
3658-44 
3685-29 
3712-24 

60-201 
60-483 
60-704 
60-923 

59  in. 
i 
5 
i 

185-354 
183-139 

187-710 

2733-97 
2757-19 

07QA.  r;i 

2803-92 

52-285 
52-507 

52-950 

69  in. 
i 

2 

1 

216-  770 

217-  555 

218-  341 

219-  126 

3739-28 
3700-43 
3793-67 
3821-02 

61-147 
6l-33.q 
61-501 
61-812 

60  in. 
i 

s 

i 

183-49S 

189-  281 

190-  852 

2827-44 
2851-05 

2898-56 

53-]  72 
53-393 

53-836 

70  in. 
i 
i 

3 
T 

219-  912 

220-  697 
221  482 
222-268 

3848-46 
3875-99 
3903-63 
3931-33 

62-034 
62-255 
62-477 
62-968 

61  in. 
i 

i 
1 

191-  637 

192-  423 

193-  208 
193-993 

2922-47 
2940-47 
2970-57 
2994-77 

54043 
54-279 
54-501 
54-723 

71  in. 
i 

1 

3 

223-053 

223-  839 

224-  624 

225-  409 

3959-20 
3987-13 
40 1 5 - 1 6 
4043-28 

69-9-20 
63-141 
\jo  tjotj 
63-545 

63-  803 

64-  028 
64-249 
64-471 

62  in. 

i 
1 

3 
1 

194-  779 

195-  534 
193-350 
197-135 

3019  07 
3043-47 
3087-93 
3092-56 

54-  944 

55-  166 
55-337 
55-009 

72  in. 
i 
J 

i 

226-195 

226-  980 

227-  766 

228-  551 

4071-51 
4099-83 
4128-25 
4153-77 

63  in. 

? 
1 

3 

a 
I 

197-  920 

198-  706 

199-  491 

200-  277 

3117-25 
3142-04 
3163-92 
3191-91 

55-  830 

56-  052 
53-273 
58-495 

73  in. 
i 

f 

229-  336 

230-  122 

230-  907 

231-  693 

4185-39 
4214-11 
4242-92 
4271-83 

64-092 

64-  914 

65-  135 
65-357 

64  in. 
i 

i 

201-062 
201-847 
202  033 
203-418 

3216-99 
3242-17 
3237-40 
3292-83 

56-716 

56-  938 

57-  159 
57-381 

74  in. 

i 
1 

5 
1 

232-  478 

233-  233 
234049 

234-  834 

4300-85 
4329-95 

to -J  J  iU 

4388-47 

65-578 
65-800 
6G'022 
60-243 

65  in. 
i 
i 
i 

204-204  3318-31 

204-  989  3343-83 

205-  774  3369-58 

206-  560|3395-33 

57-603 

57-  824 

58-  046 
58-267 

75  in. 
i 
* 

i 

235-  620 

236-  405 

237-  190 
237-9V6 

4417-87 
4447-37 
4470-97 
4506-67 

66-465 
66-686 

66-  908 

67-  129 

66  in. 
i 
i 
a 

207-  345:3421-20 

208-  l3l;3447-16 

208-  916;3473-23 

209-  70113499-39 

53-489 
58-710 

58-  932 

59-  154 

76  in. 
i 

h 
\ 

238-  761 

239-  547 

240-  332 

241-  117 

4536-47 
4566-36 
4596-35 
4628-44 

07-351 
67-572 

67-  794 

68-  016 
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Data. 

Circiim. 

Area. 

SiJe  of 
equal 
Square. 

77hi7 
i 
i 
1 

241 -  903 

242-  638 

243-  474 

244-  259 

4658-63 
4686-92 
4717-30 
4747-79 

68-237 
68-459 
68-680 
68-902 

78  in. 
4 
h 
$ 

245-044 

245-  830 

246-  615 

247-  401 

4778-37 
4809-05 
4839  83 
4870-70 

69-123 
69-345 
69-566 
69-788 

79  in. 

2 
} 

248-186 

248-  971 

249-  757 

250-  542 

4901-68 
4932-75 
4963-92 
4995- 19 

70-009 
70-231 
70-453 
70-674 

80  in. 

i 

251-  328 

252-  898 

5026-56 
5089-58 

70-  896 

71-  339 

81  in. 

i 

254-469 
256-040 

5153-00 
5216-82 

71-  782 

72-  225 

62  in. 
i 

257-611 
2.59-182 

5281-02 
5345-62 

72-  668 

73-  111 

83  in. 
h 

260-752 
262-323 

5410-62 
5478-00 

73-554 
73-997 

84  in. 
h 

263-894 
265-465 

5541-78 
5607-95 

74-440 
74-884 

85  in. 
h 

267-  036 

268-  608 

5674-51 
5741-47 

75-327 
75-770 

86  in. 
i 

270-177 

cyyi  .'7/1  Q 

.5808-81 

Oo  /D  OO 

76-213 

/  D  OOO 

87  in. 
i 

273-  319 

274-  890 

5944-69 
6013-21 

77  099 
77.542 

88  in. 

1 

» 

276-460 
278-031 

6082- 13 
6151-44 

77-  935 

78-  428 

89ln^ 
i 

279-602 
281-173 

6221-15 
0291-25 

"78-871 
79-315 

00  in. 

282-744 
284-314 

6361-74 
6432-62 

79-  758 

80-  201 

91  in. 

i 

285-885 
287-456 

6503-89 
6573-56 

80-  644 

81-  087 

92  in. 
i 

289-  027 

290-  598 

6647-62 
6720-07 

81-530 
81-973 

SiJe  of 

Diam. 

Circum, 

Area. 

c 

Square. 

 :  

93  in. 

292-16S 

~82-4r(r 

293-739 

82- 

359 

94  in. 

295-310 

6939  79 

83-302 

296-831 

7013-81 

83-746 

95  in. 

293-452 

7038-23 

84-189 

300-022 

7163-04 

84-032 

feet.  in. 

feet. 

in. 

feet. 

8 

25 

1  ^ 

50-265 

"7" 

Oi- 

25 

^  J 

51-317 

7 

1 1 

2 

25 

*  8 

52-331 

7 

25 

3 

25 

11 

53-456 

7 

31 

4 

26 

2i 

54-541 

7 

4 1 

5 

26 

5f 

55-637 

7 

5§ 

6 

26 

83 

56-745 

7 

Of 

7 

26 

m 

57-862 

7 

1\ 

8 

27 

2} 

53-992 

7 

8i- 

9 

27 

51 

60132 

7 

9\ 

10 

27 

9 

61-282 

7 

9J 

11 

28 

01 

62-444 

7 

101 

9 

28 

63-617 

7 

11} 

1 

23 

6? 

64-800 

8 

O.J 

2 

28 

9k 

65-995 

8 

u 

3 

29 

01 

67-200 

8 

2t 

4 

29 

3| 

63-416 

8 

3^ 

5 

29 

7 

69-644 

8 

41 

6 

29 

lOj 

70-832 

8 

5 

7 

30 

U 

72-130 

8 

55 

8 

30 

4S 

73-391 

8 

61 

9 

30 

7h 

74-682 

8 

71 

10 

30 

in 

75943 

8 

8i 

11 

31 

11 

77-233 

8 

9i 



10 

31 

5 

78-540 

8 

lOi 

1 

31 

8^ 

/y  oOl 

8 

lU 

2 

31 

lU 

81-179 

9 

Oi 

3 

32 

2i 

82-516 

9 

1 

4 

32 

5i 

83-862 

9 

1? 

5 

32 

8f 

85-221 

9 

2| 

6 

32 

HI 

86-590 

9 

3§ 

7 

33 

2J 

87-969 

9 

4i 

8 

33 

6i 

89-360 

9 

5f 

9 

33 

9i 

90-762 

9 

6J 

10 

34 

Of 

92- 174 

9 

74 

11 

34 

3i 

93-.598 

9 

8i, 

12** 


283 
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Diam. 

Circum. 

Area. 

equal 

Square. 

feeu 

feet. 

faet. 

in. 

34 

61 

95  033 

9 

8J 

I 

34 

9f 

96-478 

9 

95 

2 

35 

Oi 

97-934 

9 

lOi 

3 

35 

99-402 

9 

111 

4 

35 

7i 

100-879 

10 

Oi 

5 

35 

101 

102-368 

10 

If 

6 

36 

u 

103-869 

10 

2i 

7 

36 

105-379 

10 

3i 

8 

36 

7'f 

106-901 

10 

4 

9 

38 

m 

108-434 

10 

5 

10 

37 

109-977 

10 

5} 

11 

37 

5i 

111-531 

10 

6| 

If; 

37 

8! 

1 13  097 

10 

1 

37 

lU 

114-673 

10 

81 

2 

38 

21 

116-260 

10 

9| 

3 

38 

51 

117-859 

10 

lOi 

4 

38 

8  s 

119-467 

10 

lU 

5 

39 

0 

121-087 

11 

0 

6 

39 

3i 

122-718 

11 

7 

39 

61 

124-359 

11 

8 

39 

9i 

126012 

11 

9 

40 

01 

127-676 

11 

.  3f 

10 

40 

31 

129-350 

11 

4i 

11 

40 

6J 

131036 

11 

51 

13 

40 

10 

132-732 

11 

1 

41 

U 

134-439 

11 

2 

41 

4| 

136-157 

11 

3 

41 

7h 

137-886 

11 

8 1 

4 

41 

101 

139-626 

11 

9J 

5 

42 

If 

141-377 

11 

10| 

6 

42 

45 

143139 

11 

7 

42 

8 

144-911 

12 

8 

42 

11 

146-694 

12 

is 

9 

43 

148-489 

12 

10 

43 

150-294 

12 

3„^ 

11 

43 

8i 

152-110 

12 

4 

14 

43 

111 

153-938 

12 

~45' 

1 

44 

2| 

155-775 

12 

51 

2 

44 

6 

157-625 

12 

64 

3 

44 

159-485 

12 

7i 

4 

45 

01 

161-3.55 

12 

8| 

5 

45 

3i 

163-237 

12 

91 

6 

45 

6t 

105-130 

12 

lOi 

7 

45 

91 

167-033 

12 

11»^ 

8  |46 

OJ 

168-947 

13 

0 

Diam. 

Circum. 

Area. 

Side  of 
equal 

Sq 

Liare. 

feet. 

in. 

feet. 

in. 

feet. 

feeu 

14 

9 

46 

4 

170-873 

13 

1  1 

10 

46 

71 
'  S 

172-809 

13 

1  9 

11 

46 

Hi 

174-756 

13 

2| 

is" 

47 

11 

■■■  2 

176-715 

1  ^ 

04 

47 

4§ 

178-683 

1  <i 

/I  s 

4f 

2 

47 

7i 

180-663 

10 

Or 

OS 

3 

47 

10| 

182-654 

13 

4 

48 

2i 

184-655 

13 

7^ 

5 

48 

186-668 

10 

0 
0 

6 

48 

8J- 

188-692 

13 

0  J 

7 

48 

114 

190-726 

13 

s 

49 

192-771 

1 

10 

lUti 

9 

49 

51 

194-828 

10 

1 1  V 
1 1  ^ 

10 

49 

8  J 

196-894 

1  /I 

us 

11 

50 

0 

198-973 

14 

li 

16 

50 

3 - 

201-062 

i"* 

9k 

■is 

I 

50 

203-161 

1 A 

Q 

2 

50 

9j 

205-272 

OS 

3 

51 

Va 

207-394 

1  A 

At 

4 

51 

Q3 

O4 

209-526 

It 

Of 
Of 

5 

51 

fil 
"2 

211-070 

Q 

51 

1  n 

213-825 

1 A 

'i 

1  1 

215-989 

Of 

g 

4.1 

218-166 

It 

Q  L 
Of 

9 

'  8 

220-353 

1  /I 
l* 

1  fll 

10 

52 

1  ni 

222-551 

1  A 
It 

I  i 

11 

53 

If 

224-760 

14 

111 

17 

oo 

226-980 

0| 

1 

Oo 

229-210 

10 

If 

2 

53 

111 

231-452 

1  p^ 

0  s 

3 

9  I 
*S 

233-705 

1 

4 

.J^ 

Of 

235-968 

1 0 

A  1 

5 

Oh 

238-243 

io 

Of 

6 

54 

111 

240-528 

15 

6i 

7 

55 

2i 

242-824 

15 

7 

8 

55 

6 

245  131 

15 

75 

9 

55 

9i 

247-450 

15 

81 

10 

56 

o\ 

249-778 

15 

91 

11 

56 

3h 

252-118 

15 

lOi 

18 

56 

64 

254-469 

15~ 

~iT| 

1 

56 

91 

256-830 

16 

0| 

2 

57 

01 

259-203 

16 

n 

3 

57 

4 

261-587 

16 

2J 

4 

57 

74 

263-980 

16 

3J 

5 

57 

lOi 

266-386 

16 

35 

6 

58 

If 

268-803 

16 

41 
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Diam. 

Circuin. 

Area. 

equal 

Square. 

— 

— 

leet. 

feet. 

in. 

18 

7 

.')S' 

16 

8 

5S 

7^, 

>i  /O  Do  / 

16 

6i 

9 

58 

10 

•>'7ft- 1  1  '7 
^ /U  11/ 

16 

71 

10 

53 

2 

ZiO  OIK) 

16 

8i 

11 

59 

5 

.iol  U"*/ 

16 

9^ 

10 

59 

283  521) 

16 

10 

1 

59 

Hi 

^OO  U/il 

16 

11 

2 

60 

2i 

16 

lis 

3 

60 

5] 

17 

0. 

4 

60 

81 

^JO  OO-i 

17 

1« 

5 

60 

115 

OQrt  .Tin 

/iyo  iiu 

17 

2. 

6 

61 

3s 

17 

3i 

7 

61 

6t 

orii  .oni^ 
Ol/l  ^UtJ 

17 

4,i 

8 

61 

9i 

ouo  in 

17 

5i 

9 

63 

Oi 

17 

6 

10 

62 

31 

17 

7 

11 

62 

6a 

oil  O-iO 

17 

7  s- 

20" 

62 

9.- 

Ol'i  lOJ 

17 

8  J 

1 

63 

li 

316-782 

17 

9i 
10a 

2 

63 

4] 

319-417 

17 

3 

63 

7i 

322-033 

17 

iij; 

4 

63 

m 

324-718 

18 

0} 

6 

64 

It 

327-385 

18 

n 

6 

64 

41 

330  034 

18 

2 

7 

64 

7i 

332-752 

18 

25 

8 

64 

11 

335-452 

18 

31 

9 

65 

2i 

338  163 

18 

4  J 

10 

65 

5" 

340-884 

18 

Sj 

11 

65 

_8j 

343-617 

18 

Ql 

21 

65 

llj 

346-331 

18 

7t 

1 

66 

2i 

349-114 

18 

84 

2 

66 

51 

351-830 

lO 

9i 

3 

66 

9 

354-657 

18 

10" 

4 

67 

357-443 

18 

lOi 

5 

67 

3? 

360-241 

18 

11^ 

6 

67 

6i 

363  051 

19 

Oi 

7 

67 

9! 

335-809 

19 

It 

8 

53 

Oi' 

368  701 

19 

2A 

9  08 

3^ 

371  543 

19 

31 

10  68 

7 

374-394 

19 

41- 

U 

68 

lOj 

377  2.5S 

19 

5} 

69 

H 

380  133 

19 

5. 

1 

69 

H 

J83  017 

19 

6i 

2 

Hd 

7j 

385  914 

19 

7i 

Diam. 

Circum. 

Area. 

eq-dal  ' 

Square, 

ieet. 

feel 

Ul. 

22 

3 

69 

lOi 

QQQ  .000 

19 

8| 

4 

70 

Ig 

tJJi  too 

19 

5 

70 

5 

oy-i  000 

19 

m 

6 

70 

8J 

oJ  /  OUo 

19 

111 

7 

70 

Us 

20 

Oi 

8 

71 

24 

20 

u 

9 

71 

5j 

A  Aft  ./I  Q*^ 

20 

10 

71 

81 

■iuy  ^hi  0 

20 

25 

11 

71 

115 

A           "7 A 

20 

3J- 

23" 

72 

3 

A  ^  i^-A  'y(\ 
^l  O  <t/0 

20 

4J 

1 

72 

Q'i 

20 

54 

2 

72 

9g 

20 

6il 

3 

73 

Oi 

A  '^A  ■^^'7 

20 

7i 

4 

73 

2'i 

A  AAf=i 

20 

S} 

5 

73 

6i 

/I  'in- rift 
'iou  000 

20 

9i 

6 

73 

9' 

-ioo  /  0  / 

20 

10 

7 

74 

1 

/I  Ift -Q  1  7 

20 

105 

8 

74 

43 

/I  on.Qi  i\ 
^OJ  if  l\J 

20 

HI 

9 

74 

7i 

21 

10 

74 

lOj 

/I  Aft .  1  97 

21 

U 

11 

75 

It 

1/j  0  -9 
■i^-J  f^OO 

21 

2! 

24' 

— 

75 

4i 

'lo^  oyu 

21 

1 

75 

7  k 

'±00  00\J 

21 

2 

75 

11 

10C5  uy^ 

21 

5 

3 

76 

2i- 

21 

6 

4 

76 

5} 

Aft  ^'0^9 

21 

65 
7| 

5 

76 

8i 

/I  ftQ-9'lA 

21 

6 

76 

lit 

/I  7  I  -A  Qft 

21 

8J 

7 

77 

2} 

A  7A.ftA7 

21 

91 

8 

77 

5  5 

21 

lOi 

9 

77 

9 

21 

lU 

10 

78 

Ok 

^iO'l:  00\J 

22 

Oi 

11 

78 

3i 

/lQ7-ftn7 

22 

1 

25 

78 

490*875 

22 

1 

78 

9h 

494-151 

22 

2| 

2 

79 

Oi 

497-441 

22 

3f 

3 

79 

3  J 

500-741 

22 

41 

4 

79 

7^ 

504  051 

22 

5J 

5 

79 

lU 

507  373 

22 

6i 

6 

80 

u 

510  706 

22 

7i 

7 

80 

H 

514-048 

22 

84 

8 

80 

71 

517  403 

22 

9 

9 

80 

101 

520  7G9 

22 

95 

10 

81 

i| 

524  144 

22 

10| 

11 

81 

5 

527  531 

22 

lit 

UsR  OP  THE  Above  Table. — To  find,  by  inspection,  the  area  of  any  circle,  from 
I  to  IdU  inclies,  of  which  the  diameter  is  given  : — Calling  the  diameters  feet,  the  area 
will  be  feet ;  if  rods,  or  yards,  the  area  will  be  of  a  corresponding  denominatiou. 


TABLK 


Of  Squares,  Cubes,  Square  and  Cube  Roots  of  Numbers. 


 Square.  

 Cute^  

Square  Root* 

Cube  Root. 

1 

1 

10 

10 

4 

8 

1-414213 

1-25992 

•> 

9 

27 

1-732050 

1-44225 

A 

ft 

16 

64 

20 

1-58740 

25 

125 

2-236068 

1-70997 

D 

36 

216 

2-449't89 

1-81712 

t 

4y 

343 

2-645751 

1-91293 

o 
O 

64 

512 

2-828427 

20 

n 

y 

81 

729 

3-0 

2-08008 

1  n 

100 

1000 

3-162277 

2-15443 

i  1 

121 

1331 

3-310624 

3-22398 

1 9 

144 

1728 

3-464101 

2-28942 

1  Q 

169 

2197 

3-605551 

2-35133 

^  /t 
14 

196 

2744 

3-741657 

2-41014 

225 

3375 

3-872983 

2-46621 

ID 

256 

4096 

40 

2-51984 

1  1 

289 

4913 

4123105 

2-57128 

1  Q 

lo 

324 

5832 

4-242840 

2-62074 

1  Q 

361 

6859 

4-358398 

2-68840 

*U 

400 

8000 

4-472136 

2-71441 

441 

9261 

4-582575 

2-75892 

90 

484 

10648 

4-090415 

2-80203 

9<l 

529 

12167 

4-795831 

2-84386 

9/i 

576 

13824 

4-898979 

2-88449 

9*1 

625 

15825 

5  0 

2-92401 

9R 

676 

17576 

5  099019 

2-96249 

9'7 

729 

19683 

5196152 

3-0 

9Q 

784 

21952 

5-291502 

3-03653 

9Q 

841 

24389 

5385164 

3-07231 

ou 

900 

27000 

5-477225 

3-10723 

Ql 
Ol 

961 

29791 

5-567764 

3-14138 

Q9 

1024 

32768 

5-656854 

3- 17480 

oo 

1089 

35937 

5 -744562 

3-20753 

o4 

1 156 

39304 

5830951 

3-23961 

oD 

1225 

42875 

5916079 

3-27106 

oo 

1296 

46656 

60 

3-30192 

o  / 

1369 

50653 

6  082762 

3-33222 

38 

54872 

6  164414 

3  36197 

39 

1521 

59319 

6-244998 

3-39121 

40 

1600 

64000 

6 -324555 

3-41995 

41 

1681 

68921 

6 -403 1 24 

3-44821 

42 

1764 

74088 

6-480740 

3-47602 

43 

1849 

79507 

6-557438 

3-50.339 

44 

1936 

85184 

6-633249 

3-53034 

45 

2025 

91125 

6-708203 

3  5,^689 

46 

2116 

97336 

6-782330 

3-58304 

47 

2209 

103823 

6-855654 

3-60882 

48 

2304 

110592 

6-928303 

3-63424 

49 

2401 

117G49 

7-0 

3-G5930 
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Square. 


2500 

2601 

2704 

2809 

2916 

3025 

3136 

3249 

3364 

3481 

3600 

3721 

3844 

3969 

4096 

4225 

4356 

4489 

4624 

4761 

4900 

5041 

5184 

5329 

5476 

5625 

5776 

5929 

6084 

6241 

6400 

6561 

6724 

6889 

7056 

7225 

7396 

7569 

7744 

7921 

8100 

8281 

8464 

8649 

8836 

9025 

9216 

9409 

9604 


125000 

132651 

140608 

148877 

157464 

166375 

175616 

185193 

195112 

205379 

216000 

226981 

238328 

250047 

262144 

274625 

287496 

300763 

314432 

328509 

343000 

357911 

373248 

389017 

405224 

421875 

438976 

456533 

474552 

493039 

512000 

531441 

551368 

571787 

592704 

614125 

636056 

658503 

681472 

704969 

729000 

753571 

778688 

804357 

830584 

857375 

884736 

912673 

941192 


Square  Root. 


Cube  Root. 


7-071067 
7-141428 
7-211102 
7-280109 
7-348469 
7-416198 
7-483314 
7-549834 
7-615773 
7-681145 
7-745966 
7-810249 
7-874007 

7-  937203 
80 

8-  062257 
8-124038 
8-185352 
8-246211 
G-306623 
8-3G6600 
8-426149 
8-485281 
8-544003 
8-602325 
8-660254 
8-717797 
8-774964 
8-831760 
8-888194 

8-  944271 

9-  0 

9-055385 

9  110433 

9-165151 

9-219544 

9-273618 

9-327379 

9-380831 

9-433981 

9-486833 

9-539392 

9-591663 

9-643650 

9-695359 

9-746794 

9-797959 

9-848857 

9-899494 


3-68403 
3-70843 
3-73251 
3-75628 
3-77976 
3-80295 
3-82586 
3-84850 
3-87087 
3-89299 
3-91486 
3-93649 
3-95789 

3-  97905 

4-  0 

4-02072 

4-04124 

4-06154 

4-08165 

4-10156 

4-12128 

4-14081 

4-16016 

4-17933 

419833 

4-21716 

4-23582 

4-25432 

4-27265 

4-29084 

4-30887 

4-32674 

4-34448 

4-36207 

4-37951 

4-39683 

4-41400 

4-43104 

4-44796 

4-46474 

4-48140 

4-49794 

4-51435 

4-53065 

4-54683 

4-56290 

4-57785 

4-59470 

4-61043 
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Number. 

Square. 

Cube. 

Square  Itoot. 

Cube  R.OOU 

99 

970299 

9-949374 

100 

10!)00 

1000000 

10-0 

4'641,58 

101 

10201 

1030301 

10049875 

4'65701 

102 

10404 

1001208 

10  099504 

4-672.33 

103 

10(509 

1092727 

10148891 

4-687.54 

104 

10S16 

1 124864 

10  198039 

4"70266 

105 

1L025 

1157625 

10-246950 

4-71769 

106 

11233 

1191016 

10-295330 

4-73232 

107 

11449 

122.5043 

10 -344080 

4-74745 

108 

11G64 

1259712 

10  392304 

109 

11831 

1295029 

10-440305 

4-77685 

110 

12100 

1331000 

10-488038 

4-79142 

111 

12321 

1337631 

10535353 

4-805SQ 

112 

12544 

1404928 

10-533005 

113 

127G9 

1442897 

10  630145 

114 

12996 

1481544 

10'677078 

Mr  CxOOx/ 

115 

13225 

1520875 

10-723805 

116 

13456 

1560896 

10770329 

TC  0  #  \JiJtJ 

117 

13689 

1601613 

10'310653 

118 

13924 

1643032 

10"862780 

119 

14161 

1685159 

10'903712 

120 

14400 

1728000 

10954451 

121 

14G41 

1771531 

110 

122 

14384 

1015348 

11  •045331 

123 

15129 

1860867 

ir090536 

4'97319 

124 

15376 

1903324 

11 '135528 

J  25 

15325 

1953125 

li'130339 

5'0 

126 

15376 

2000373 

ir224972 

127 

16129 

2048383 

ir269427 

128 

16334 

2097152 

11  "313708 

129 

16341 

2146389 

ir357816 

5-05277 

130 

16900 

2197000 

11 -4017.54 

131 

17161 

2243091 

11-445523 

132 

17424 

2299933 

11-489125 

133 

17689 

2352337 

11  532532 

5  10443 

134 

17353 

2406104 

11-575836 

5"11723 

135 

18225 

2460375 

11-618950 

5  12992 

136 

18496 

2515453 

11-661903 

5  14256 

137 

18769 

2571353 

11-704699 

5'15513 

138 

19044 

2628072 

11-747344 

5"  10764 

139 

19321 

2685619 

11-789826 

5"18010 

140 

19600 

2744000 

11-8.32159 

5' 19249 

141 

19881 

2803221 

11-874343 

5 '20482 

143 

20164 

2803288 

11-916375 

521710 

143 

20449 

2924207 

11-958260 

5'22932 

144 

20736 

2985984 

120 

5'24148 

145 

21025 

3048626 

12041594 

525358 

146 

21316 

311213d 

12083046 

5  26563 

147 

21609 

3170523 

12-124355 

5"27763 

148  1 

21904 

3241792 

12-165535 

5289.57 
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Nuinoer. 

Square. 

Cube. 

Square  Root. 

Cube  RooU 

149 

22201 

3307949 

12-206555 

5-30145 

150 

22500 

3375000 

12-247448 

5-31329 

151 

22801 

3442951 

12-288205 

5-32507 

152 

23104 

3511808 

12-328828 

5-33680 

153 

23409 

3581577 

12-369316 

5-34848 

154 

23716 

3652264 

12-409073 

5-36010 

155 

24025 

3723875 

12-449899 

5-37168 

156 

24336 

3796416 

12-489996 

5-38323 

157 

24649 

3809893 

12-529964 

5-39469 

158 

24964 

3944312 

12-569805 

5-40612 

159 

25281 

4019679 

12-609520 

5-41750 

160 

25600 

4096000 

12-649110 

5-42883 

161 

25921 

4173281 

12-688577 

5-44012 

162 

26244 

4251528 

12-727922 

5-45136 

163 

26569 

4330747 

12-707145 

5  46255 

164 

26896 

4410944 

12-806248 

5-47370 

165 

27225 

4492125 

12-845232 

5-48480 

166 

27556 

4574296 

12-884098 

5-49586 

167 

27889 

4657463 

12-922848 

5-50687 

168 

28224 

4741632 

12-961481 

5-51784 

169 

28561 

4826809 

130 

5-52877 

170 

28D00 

4913000 

13-038404 

5-53965 

171 

29241 

5000211 

13-076696 

5-55049 

172 

29584 

5088448 

13-114877 

5-56129 

173 

29929 

5177717 

13-152946 

5-57205 

174 

30276 

5268024 

13-190906 

5-58277 

175 

30625 

5359375 

13-228756 

5-59344 

176 

30976 

5451776 

13-266499 

5-60407 

177 

31329 

5545233 

13-304134 

5-01407 

178 

31684 

5639752 

13  341664 

5-02522 

179 

32041 

5735339 

13-379088 

5-63574 

ISO 

32400 

5832000 

13-416407 

5-64621 

181 

32761 

5929741 

13-453624 

5-65665 

182 

33124 

6028568 

13-490737 

5-G6705 

183 

33489 

6128487 

13-527749 

5-07741 

184 

33856 

6229504 

13-564660 

5-68773 

185 

34225 

6331625 

13-601470 

5-69801 

186 

34596 

6434856 

13-638181 

5-70826 

187 

34969 

6539203 

13-674794 

5-71847 

188 

35344 

00440/ -i 

189 

35721 

6751269 

13-747727 

5-73879 

190 

36100 

6859000 

13-784048 

5-74889 

191 

36481 

6967871 

13-820275 

5-75896 

192 

36864 

7077888 

13-856406 

5-76899 

193 

37249 

7189057 

13-892444 

5-77899 

194 

37636 

7301384 

13-928388 

5-78896 

195 

38025 

7414875 

13-964240 

5-79889 

196 

38416 

7529536 

140 

5-80878 

197 

38809 

7645373 

14-035668 

5-81864 

198 

39204 

7762392 

14-071247 

5-82847 
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Number. 

Square. 

Cube. 

 Square  Root.  

 Cube  Root.    '  ' 

199 

39601 

7880599 

200 

4Q000 

8000000 

K.a4Qfiq 

201 

40401 

8120601 

14-1  774.4  R 

O  cSu  /  #  o 

202 

40804 

8242408 

1 4-21 2fi7rt 

203 

41209 

8365427 

204 

41616 

8489664 

1 4-2828  "ifi 

K.QQR7C 

205 

42025 

8615125 

ri.oqRQR 

206  . 

42436 

8741816 

14-352700 

'^•Qn'iQ4 

297 

42849 

8869743 

14-387494 

o  y  X  t>^0 

.  203 

43264 

8998912 

14-422205 

r;. 0940(1 

209 

43681 

9123329 

14.-4f)fi«32 

0^447 

210 

44100 

9261000 

14-491376 

211 

44521 

9398931 

X*x  *JA^tj\j*JXJ 

212 

44944 

9528128 

14-5602 1 Q 

213 

45369 

9663597 

14-594519 

Out  tQ\JU 

214 

45796 

9800344 

K.Q01  /lO 

215 

46225 

9938375 

14-662878 

216 

46656 

10077696 

14-696938 

fi-n 

217 

47089 

10218313 

14-73091 9 

Xtc    *  tJKJil  X  U 

218 

47524 

10360232 

14-764823 

0  UloOO 

219 

47061 

10503459 

14-798648 

R.097R(i 

220 

48400 

10648000 

X**  00*«tJ»7  # 

O  UO0C51 

221 

48841 

10793861 

X*X  \J\J\J\J\JfJ 

222 

49284 

10941048 

14-899664 

223 

49729 

11039567 

14-QT^l  84 

Xt:  t^t/wXOT: 

R.flRAI  9 

224 

50176 

11239424 

1  'i-966620 

R.ri7qi  7 
O  U /ox  1 

225 

60625 

11390625 

lo'O 

R.nQ99n 

226 

51076 

1  liiAaiTfi 

X  J.  tJ^fJ  L  1  \J 

Xtl  \JOOii/ViJ 

R.AQ1  1  Q 

D  uy i  xn 

227 

51529 

11697083 

Xtl   \jKJ\JtJ  ItJ 

R.  1  nni  v 

228 

51984 

11852352 

1  "1-099668 

Xtl  \J<7i7\J\J<J 

R-inoi  1 
D  luy X 1 

229 

52441 

12008989 

1*1-132746 

230 

52900 

12167000 

±*J    X  SjtJ  1  fJKf 

R.  1 9RQ9 

231 

53351 

12326391 

1.KJ  X^70U0^ 

R.  1  Qc;7Q 

232 

53824 

12487168 

15-231546 

233 

54289 

12649337 

1  "1-2643^7 

R.J  p;q4A 

234 

54756 

12812904 

15-297058 

R.I  Rooq 

235 

55225 

12977875 

15-329709 

X  tl  O/^Xj  t  \JiJ 

R.I  71  Art 

236 

55696 

13144256 

Xtl 

R-1  7Q74 

237 

56169 

13312053 

15-394804 

6-18846 

238 

56644 

13481272 

15-427248 

6-19715 

239 

57121 

13651919 

15-459624 

6-20582 

240 

57600 

13824000 

15-491933 

6-21446 

241 

58081 

13997521 

15-524174 

6-22308 

242 

58564 

14172488 

15-556349 

6-23167 

243 

59049 

14348907 

15-588457 

6-24025 

244 

59536 

14526784 

15-620499 

6-24880 

245 

60025 

14706125 

15-652475 

6-25732 

246 

60516 

14886936 

15-684387 

6-26582 

247 

61009 

15069223 

15-716233 

6-27430 

248 

61504 

15252992 

15-748015 

6-28276 
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Numben 

Square. 

Cube. 

Square  Root. 

Cube  Root. 

249 

62001 

15433249 

15-779733 

6-29119 

250 

62500 

15625000 

15-811388 

6  29960 

251 

63001 

15813251 

15-842979 

6  30799 

253 

63504 

16003008 

15-874507 

6  316.35 

253 

64009 

10 194277 

15-905973 

6  32470 

254 

645 1 6 

16387064 

15  937377 

6  33302 

255 

65025 

I65S1375 

15  968719 

6-34132 

256 

65536 

16777216 

16  0 

6-34960 

257 

66049 

16974.'i93 

16  031219 

6-35785 

253 

66554 

17173512 

16  062378 

6-36609 

259 

67031 

17373979 

16  093476 

6-37431 

2t)0 

67600 

17576000 

16  124515 

6-38250 

261 

68121 

17779581 

16  155494 

6-39067 

262 

68644 

17984728 

16  186414 

6-39882 

263 

69169 

18191447 

16-217274 

6-40695 

264 

69698 

18399744 

16-248076 

6-41506 

265 

70225 

18609625 

16-278820 

6-42315 

260 

70750 

18821096 

16  309506 

6-43122 

267 

71289 

19034163 

16  340134 

6-43927 

268 

71824 

19248832 

16-370705 

6  44730 

269 

723S1 

19465109 

16-401219 

6-45531 

270 

72900 

19683000 

16-431676 

6-46330 

271 

73441 

19902511 

16-462077 

6-47127 

272 

73984 

20123648 

16-492422 

6-47922 

273 

74529 

20346417 

16  522711 

6-48715 

274 

75076 

20570824 

16-552945 

6-49506 

275 

75625 

20796875 

16-583124 

6-50295 

276 

76176 

21024576 

16-613247 

6-51082 

277 

76729 

21253933 

16-643317 

6-51868 

278 

77284 

21484952 

16  073332 

6-52651 

279 

77841 

21717639 

16-703293 

6-.53433 

280 

78400 

21952000 

16-733200 

6 -.542 13 

281 

78961 

22188041 

16-763054 

6.5499 1 

282 

79524 

22425768 

16-792855 

6-.55767 

283 

80039 

22635187 

16-822603 

6.53541 

284 

80G56 

22906304 

10-852299 

6-57313 

285 

81225 

23149125 

16-881943 

6-58084 

286 

81796 

23393656 

16-911534 

6-58853 

287 

82369 

23639903 

16-941074 

6-59620 

388 

82944 

23887872 

16-970562 

6-60385 

289 

83521 

24137569 

17-0 

6-61148 

290 

84100 

24389000 

17029386 

6  61910 

291 

84681 

24642171 

17-058722 

6-62670 

292 

85264 

24897088 

17  088007 

6-63428 

293 

85849 

25153757 

17-117242 

6-64185 

294 

86436 

25412184 

17  146428 

6-64939 

295 

87025 

25672375 

17- 175564 

6-6.5693 

296 

87016 

25934336 

17-204650 

6-66444 

297 

88209 

26198073 

17-233687 

6-67194 

S98 

88804 

26463592 

17-262676 

6-67941 

13 
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Number. 

Square. 

Cube. 

Square  Root. 

Cube  Root. 

299 

89401 

267;d0899 

17-291616 

6-68888 

300 

90000 

27000000 

17-320,508 

6-69432 

301 

90601 

27270901 

17-349351 

6-70175 

302 

91204 

27543608 

17-378147 

6-70917 

303 

91809 

27818127 

17-406895 

6  71656 

304 

92416 

28094464 

17-435595 

6-72395 

305 

93025 

23372625 

17-464249 

6-73131 

306 

93636 

28852516 

17-4928.55 

6-73866 

307 

94249 

23934443 

17-521415 

6-74599 

303 

94864 

29218112 

17-549928 

6-75331 

309 

95481 

29503629 

17-578395 

6-76061 

310 

9G100 

29791000 

17-606816 

6-76789 

311 

96721 

39030231 

17-635192 

6-77516 

312 

97344 

30371328 

17-663521 

6-78242 

313 

97969 

39834297 

17-691806 

6-78966 

314 

98596 

30959144 

17-720045 

6-79688 

315 

99225 

31255875 

17-748239 

6-80409 

316 

99856 

31554496 

17-776388 

6-81128 

317 

100489 

31855013 

17-804493 

6-81846 

318 

101124 

32157432 

17-8325-54 

6-82562 

319 

101761 

324G1759 

17-860571 

6-83277 

320 

102400 

32768000 

17-888543 

6-83990 

321 

103041 

33078161 

17-916472 

6-84702 

322 

103684 

3338G248 

17-944358 

6-85412 

323 

104329 

33693237 

17-972200 

6-86121 

324 

104976 

34012224 

180 

6-86828 

325 

105325 

34328125 

18  027756 

6 -87534 

326 

106273 

34045976 

18-055470 

688238 

327 

106929 

34935783 

18-083141 

6-88941 

328 

107584 

35287552 

18-110770 

6 -89643 

329 

103241 

35311289 

18-138357 

6-90343 

330 

108900 

35937000 

18-165902 

6-91043 

331 

109531 

33234691 

18  193405 

6-91730 

332 

110224 

38594338 

18-220867 

6-92435 

333 

110889 

38928037 

18-248287 

6-93130 

334 

111556 

37259704 

18-27.5866 

6-93823 

335 

112225 

37595375 

18303005 

6-94514 

336 

112896 

37933056 

18  330302 

6-95205 

337 

113.569 

38272753 

18-357559 

e -95894 

338 

114244 

38814472 

18-384776 

6-96581 

339 

114921 

38958219 

18-411952 

6-97268 

340 

115600 

39304000 

18-439088 

6-97953 

341 

116281 

39851821 

18-466185 

6-98636 

342 

110964 

40001688 

18-493242 

6  99319 

343 

11 7049 

40353507 

18-520259 

7-0 

344 

118336 

40707584 

18-547237 

7-00679 

345 

119025 

41063625 

18-574175 

7-01357 

346 

119716 

41421736 

18-601075 

7-02034 

347 

120409 

41781923 

18  627936 

702710 

348 

121104 

42144192 

18-654758 

7-03385 
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Square. 

Cube  Root. 
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loo  101 

^^no/i'i/iAo 
ou^'io^uy 
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Ko  1  r;7q7/> 
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7-99/1  A/1 

0/0 

1  /I  OQQ/l 

m  m  i^o 

"Xd.AA  0009 
ly  <Ht/w>6^/i 

7.9QA/i  0 

^7Q 

I'^OO'il 

O'i^toyyoy 

ly  'iu  /  y-w/i 

7-99ft7Q 

/  ,400 /y 
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04^0  /  /wuuy 

ly  'lyoooo 

7-9/1  Ql 

/  ^4olO 
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1 45 1 G 1 
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1  y  0 1  J/5,^1 

1  A  /^OO/I 
lftOU/w<t 

00  /  'ixjyOo 

ly  O44to^u 

1  ^00o4 
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lMUC>  J 

p^ft  1  n  1  QQT 

OOlo loo / 

ly  0 /uOoO 

7.9ft91  ft 

1/17/1  p;ft 

O00-i01U4 

ly  oyo Ji 1 
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387 

149769 

57960803 

19  672315 

7-28736 

388 

150544 

58411072 

19-607715 

7-29363 

389 

151331 

58863869 

19-723082 

7-29989 

390 

152100 

59319000 

19-748417 

7-30G14 

391 

152881 

59776471 

19-773719 

7-31238 

392 

153G64 

60236288 

19-798989 

7-31861 

393 

154449 

60698457 

19-824227 

7-32482 

394 

155236 

61162984 

19-849433 

7-33103 

395 

156025 

61029875 

19-874006 

7-33723 

396 

156816 

62099136 

19-899748 

7-34342 

397 

157609 

62570773 

19-924858 

7-34959 

308 

158404 

63044792 

19-949937 

7-35576 
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Number. 

Square. 

Cube. 

Square  Root. 

Cube  Root. 

""399 

159201 

63521199 

19-974984 

7-30191 

400 

160000 

64000000 

200 

7-38806 

401 

160801 

64481201 

20024984 

7-37419 

402 

161604 

64964808 

20.049937 

7-38032 

403 

162409 

65450827 

20  074859 

7-33643 

404 

163216 

65939264 

20  099751 

7-39254 

405 

164025 

66430125 

20-124611 

7-39803 

406 

164836 

66923416 

20-149441 

7-40472 

407 

165649 

67419143 

20-174241 

7-41079 

408 

166464 

67917312 

20-199009 

7-41685 

409 

167281 

68417929 

20-22':;74S 

7-42291 

410 

168100 

68921000 

20-243456 

7-42895 

411 

168921 

69426531 

20-273134 

7-43499 

412 

169744 

69934528 

20-237733 

7-44101 

413 

170569 

70444997 

20-322491 

7-44703 

414 

171396 

70951944 

20-346980 

7-45303 

415 

172225 

71473375 

20-371548 

7-45903 

416 

173058 

71991296 

20-396078 

7-46502 

417 

173889 

72511713 

20-420577 

7-47093 

418 

174724 

73034632 

20-445048 

7-47098 

419 

1755G1 

73560059 

20-469489 

7-43292 

420 

176400 

7403S000 

20-493901 

7-48887 

421 

177241 

?46 18461 

20-518284 

7-49481 

422 

178084 

75151448 

20-542638 

7-50074 

423 

178929 

75686067 

20-566983 

7-50386 

424 

179776 

76225024 

20-591260 

7-51257 

425 

180625 

76765625 

20-615528 

7-51847 

426 

181476 

77308776 

20-639787 

7-52436 

427 

182329 

77854483 

20-683978 

7-53024 

428 

183184 

78402752 

20-088100 

7-53812 

429 

184041 

78953589 

20-712315 

7-54198 

430 

184900 

7D507000 

20-736441 

7-.54784 

431 

185761 

80062991 

20-760539 

7-55383 

432 

186624 

80621568 

20-784809 

7-55952 

433 

187489 

81182737 

20-808652 

7-56535 

434 

188356 

81746.504 

20-832666 

7-57117 

435 

189225 

82312375 

20-856853 

7-57698 

436 

190096 

82881856 

20-880613 

7-58278 

437 

190969 

83453453 

7-58857 

4  $8 

191844 

84027672 

20-928449 

7-59436 

4  U) 

192721 

84604519 

20-952326 

7-60013 

41,) 

193800 

85184000 

20-976177 

7-60590 

41) 

194481 

85766121 

21-0 

7-61168 

412 

195334 

86350888 

21-023796 

7-61741 

443 

196249 

86938307 

21  047565 

7-62315 

444 

197136 

87528384 

21-071307 

7-62883 

445 

198025 

88121125 

21-09.5023 

7-C3460 

446 

198916 

88716.536 

21-118712 

7-64032 

417 

199809 

89314623 

21-142374 

7-64602 

448 

200704 

89915392 

21-166010 

7-65172 
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Number. 

Square. 

Cube. 

Square  Root. 

1       Cube  Root. 

449 

201601 

90518849 

21  189620 

7-65741 

450 

202500 

91125000 

21-213204 

7-66309 

451 

203401 

91733851 

21 -236760 

7-66876 

452 

204304 

92345408 

21-260291 

7-67143 

453 

205209 

92959677 

21-283796 

7-68008 

454 

200116 

93570664 

21-307275 

7-68573 

455 

207025 

94196375 

21-330729 

7-69137 

456 

207936 

94818816 

21-354156 

769700 

457 

208849 

95443993 

21-377558 

7-70262 

458 

209764 

96071912 

21-400934 

7-70823 

459 

210681 

96702579 

21-424285 

7-71384 

460 

211600 

97336000 

21-447610 

7-71944 

461 

212521 

97972181 

21-470910 

7-72503 

462 

213444 

98611128 

21-494185 

7-73061 

463 

214369 

99252847 

21-517434 

7-73618 

464 

215296 

99897344 

21-540659 

7-74175 

465 

216225 

100544625 

21-563858 

7-74731 

466 

217156 

101194696 

21-587033 

7-75286 

467 

218089 

101847563 

21-610182 

7-75840 

468 

219024 

102503232 

21-633307 

7-76393 

469 

219961 

103161709 

21-656407 

7-76946 

470 

220900 

103823000 

21  679483 

7-77498 

471 

221841 

104487111 

21-702534 

7-78049 

472 

222784 

105154048 

21-725561 

7-78599 

473 

223729 

105823817 

21-748563 

7-79148 

474 

224676 

106496424 

21-771541 

7-79697 

475 

225625 

107171875 

21-794494 

7-80245 

476 

226576 

107850176 

21-817424 

7-80792 

477 

227529 

108531333 

21-840329 

7-81338 

478 

228484 

109215352 

21-833211 

7  81884 

479 

229441 

109902239 

21-886038 

7-82429 

480 

230400 

110592000 

21-908902 

7-82973 

481 

231361 

111284641 

21-931712 

7  83516 

482 

232324 

111980168 

21-954498 

7  84059 

483 

233289 

112678587 

21-977231 

•  7-84601 

484 

234256 

113379904 

22-0 

7-85142 

485 

235225 

114084125 

22-022715 

7-85682 

486 

23G196 

114791256 

22-045407 

7-86222 

487 

237169 

115501303 

22  068076 

7-86761 

488 

238144 

116214272 

22-090722 

7-87299 

489 

239121 

11 6930 I 69 

22-113344 

7-87836 

490 

240100 

117649000 

22- 135943 

7-88373 

491 

241081 

118370771 

22  158519 

7-88909 

492 

242064 

119095488 

22-181073 

7-89444 

493 

243049 

119823157 

22-203603 

7-89979 

494 

244036 

120553784 

22-226110 

7-90512 

495 

245025 

121287375 

22-248595 

7-91046 

496 

246016 

122023936 

22-271057 

7-91578 

497 

247009 

122763473 

22-293496 

7-92110 

498 

248004 

123505992  1 

22-315913 

7-92640 

294i  SQUARES,  CUBES,  AND  ROOTS. 


Oub6  K>oot* 
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1  Al  A907fl1 

99. 09  f;  494 

0  W  rUlJW 

522 

97VAS/1 

1  A90'?RR/ia 

99.Q4  7qi Q 

^/Q  04;  1  0  1^ 

8"05174 

523 

1  A'lO'i'^RR7 

99-SRQ 1 

ooy  lyo 

0  Wt'uoo 

524 

97Ar;7ft 

1  A'?Q77Q9/t 

99'QOl 04R 
A/At  oyiu-i:0 

Q.0R901 

525 

97''\R9'a 

1  44.70'^  1  91^ 

09.01 9Q7Q 

Atu  y I/60 1 0 

8'06714 

526 

97Rfi7R 

14  PLrQi  rL7C 

l^rtJUOlO  lO 

99.0Q4 RQQ 

^At  yo4:ooy 

Q-0799fi 

527 

97779Q 

1 4rOoUo  ioa 

99-Q'^RA80 

fl-077^7 

528 

97Q7Q/i 

1 A71  Q7Q'^9 

99.0709/^0 
At^  y  /  OAtOyj 

0  Uo^^o 

529 

1  AQIT^QaCJ 
l^iDwoDooy 

9'^  0 

Q-0S7'i7 
0  Wo  #01 

530 

1  AS  1577000 

14:00  /  /  UUU 

9q.091 79S 
AiO  \jAi  1  /  .^0 

8'09267 

531 

9Q 1  OA! 

1 AQ79 1 9Q1 

i^ty  j^i^yi 

9"?  •.OA'iA'^7 

AtO  U4:04:0  / 

fi-0Q77'i 
cs  wy  110 

532 

1  'iO'iRQ7Rfl 

9q.OR'^l  9'i 
**0  UU01/40 

H-109S^ 

533 

1  K1  4  1  Q4'?7 
1 0 1 4: 1  y^o  / 

9q.OQR7Q9 

.*0  UOU  tiJM 

8'  10791 

534 

9QC1 KR 

9q.  1 OQAAO 

*^o  lU04:4rU 

fl- 1 1 9QS 
oil  .wyo 

535 

LOO  1  OU»J  / 0 

9q.  1 q00fi7 

S'l  1804 

536 

1  ^'KlOORfiR 

9q.  1  r:  1  n7q 
AO  1010/ 0 

H-1  990Q 

537 

288369 

154854153 

23  173260 

8-12814 

538 

289444 

155720872 

23- 194827 

813318 

539 

200521 

156590819 

23-216373 

8-13822 

540 

291600 

157464000 

23-237900 

8-14325 

511 

292681 

15834(1421 

23-259406  " 

8-14827 

542 

2G3764 

159220088 

23-280893 

8  15329 

643 

294849 

160103007 

23  302360 

8- 15830 

544 

295936 

160989184 

23  323807 

8- 10330 

545 

297025 

161878625 

23-345235 

8- 10830 

546 

298116 

162771336 

23-366042 

8- 17330 

547 

299209 

163GG7323 

23-388031 

8-17828 

548 

300304 

164566592 

23-409399 

8-18326 

SQUAEESj  CtJBES,  AND  ROOTS. 
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Squa 


301401 

302500 

303601 

304704 

305809 

306916 

308025 

309136 

310249 

311364 

312481 

313600 

314721 

315844 

316969 

318096 

319225 

320356 

321489 

322624 

323761 

324900 

326041 

327184 

328329 

329476 

330625 

331776 

332929 

334084 

335241 

336400 

337561 

338724 

339889 

341056 

342223 

343396 

344569 

345744 

346921 

348100 

349281 

350464 

351649 

352836 

354025 

355216 

356409 

357604 


Cube. 

Squai-e  Root. 

Cube  Root, 

165469149 

23-430749 

8-18824 

166375000 

23-452078 

8-19321 

167284151 

23-473389 

8-19817 

168196608 

23-494680 

8-20313 

IRQ] 12377 

23-515952 

8-20808 

170031464 

23-537204 

8-21302 

170953875 

23-558438 

8-21796 

171870616 

23-579652 

8-22289 

172S086Q3 

23-600847 

8-22783 

173741112 

23-622023 

8-23274 

174676879 

23-643180 

8-23766 

175616000 

23-664319 

8-24257 

17fi'S'iS48l 

X  f  yjtjrj'J^rJ  1. 

23 -685438 

8-24747 

1.  1  1  <J  Vy  x  «J  ^  O 

23  706539 

8-22237 

523  727621 

8-25726 

X  t  V±\J\J  X^tr* 

23"748684 

8-26214 

XOL/OLIivXi**.' 

23-769728 

8-26702 

23  790754 

8-27190 

XO*4(.vO^*  v«J 

23-811761 

8-27677 

XOO*»JU'±0^ 

23832750 

8-28163 

1  sd.99nrvnQ 

23853720 

8-28649 

23874672 

8-29134 

23895606 

8-29619 

1 071 A09dft 

23-916521 

8-30103 

1  ftfti  *^9'il  7 

100  iO^tJl  f 

23-937418 

8-30586 

1 QOl 1 Q09J 

23-958297 

8-31069 

23-979157 

8-31551 

1 Ql 1 09Q7fi 

34-0 

8-32033 

1  091000*^^ 

24-020824 

8-32514 

24-041630 

8-32995 

24-062418 

8-33475 

1  Q*^!  1  9000 

24-083189 

8  33955 

1«7Q  l>^^£/frX 

24-103941 

8-34434 

24-124676 

8-34912 

1  OR!  Pi^9ft7 

X  VO  1  JOi^O  * 

24-145392 

8-35390 

1 QQI 7A70d 

24- 166091 

8-35867 

900901  fi9Pl 

24- 186773 

8-36344 

9019^00^^6 

24-207436 

8-36820 

202262003 

24-228082 

8-37296 

203297472 

24-248711 

8-37771 

204336469 

24-269322 

8-38246 

205379000 

24-289915 

8-38720 

206425071 

24-310491 

8-39194 

207474688 

24-331050 

8-39667 

208527857 

24-351591 

8-40139 

209584584 

24-372115 

8-40611 

210644875 

24-392621 

8-41083 

211708736 

24-413111 

8-41554 

212776173 

24-433583 

8-42024 

213847192 

24-454038 

8-42494 
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Number. 

Square. 

Cube, 

Cubs  Root. 

599 

358801 

2 1 4.Q9 1  7QQ 

24-4744.7fi 

600 

360000 

21 finnflrtdrt 

^  X\jyJ\I\J\JyJ\f 

Art  *±£/tOi7  # 

601 

361201 

24-515301 

S-4'tQOO 

602 

362404 

21 S  If!  79(18 

24  "535688 

603 

363609 

21  Q2'ifi927 

24-556058 

a-448^R 

(5;)4 

364816 

24-57641 1 

605 

366025 

221 4./l'i1 

24-596747 

608 

367236 

229'i/l'irtl  fl 

607 

368449 

24-637370 

608 

369664 

22d.7'i'i71  9 

24-657fi'ifi 

R-471  R4 

609 

370881 

22'i,«!fifi'i90 

2i-C77025 

8-47G28 

610 

372100 

22riQsi  nno 

t^ti^KJU^  X\J\JKJ 

8-480Q9 

611 

373321 

29.90001  'll 

94-71 R41 4 

R-48'"i'i'^ 

0  '±OOkJO 

612 

374544 

oof)oof|02S 

^  ^  ij     i-*\J  J /itij 

24-733033 

8-40018 

613 

375769 

94-7'i9S'^fi 

fi  -40480 

614 

37G996 

211/l7'i'i4A 

94-77^1023 

8-40049 

615 

378225 

616 

379456 

94-810347 

617 

380689 

AtO^kOOO  X  XO 

ft-'il  194 

618 

381924 

2ifin9om9 

R-iil  7Q4 

619 

383161 

2"^71  7fifi'SQ 

94-870710 

H-^994<1 

620 

384400 

2'?8'^9Snflft 

94-RQ070Q 

8-'i97m 

0  tj-g  l\J  X 

621 

333341 

2"104.,Qinfil 

(Wtj  J '±OOU  CI  1 

94-01 0f?71 

B-'ill  fiO 

622 

33G384 

X\JlJ  £ XO^kO 

94-0'^0097 

Q-PilR  1  7 

623 

388129 

94-0'i00ri7 

Q .  P;/1074 

624 

389376 

24.'>Q7flR9J. 

94  0700Q2 

H-'^4'i<n 

625 

390825 

£j-M0Q7 
0  0±JOt 

626 

391878 

24.'i'^14.97fi 

9'^-ni  0002 

8-'i'i44<* 

627 

393129 

91^-0^00(18 

628 

394384 

24. 7(17*^1  'i9 

9'^-n'i009a 

Q.cmpiQ 

629 

395!)41 

24-S9'i9180 

9'^-n70872 

o.KRqOQ 

630 

396900 

2'inn4.7nfin 

0  «J  <  *gOX 

631 

398161 

2^11  9'^0'iQI 

9(^-1  1  071  ^ 
AiO  X  X't  1  XO 

8-1^771  p; 
00// 10 

632 

399424 

tiO  XtjJyJ  X\j 

Q-P^Q  1  RQ 

633 

400689 

OK.i  f;0401 

0  OoO^U 

634 

401956 

2'i4.s4.nin4. 

9'^-l  70'^'ifi 

X  1  t/OUU 

Q-'%0079 

635 

403225 

op;.  1  009rtfi 

636 

404496 

0  OUU « 'J 

637 

405769 

258474853 

25-238858 

8-60425 

638 

407044 

259694072 

25-258661 

8-60875 

639 

408321 

260917119 

25-278449 

8-61324 

640 

409600 

262144000 

25-298221 

8-61773 

641 

410881 

263374721 

25-317977 

8-62222 

612 

412164 

264609288 

25-337718 

8-62670 

643 

413449 

265847707 

25  357444 

8-63118 

614 

414736 

267089984 

25-377155 

8-63565 

"  615 

416025 

268336125 

25  396850 

8-64012 

646 

417316 

269586136 

25-416530 

8-64458 

647 

418609 

270840023 

25-436194 

8-64904 

648 

419904 

272097792 

25-455844 

8-65349 

TABLE 

Of  Diameters,  Circtmferenccs,  and  Areas  of  Circles,  and  the  Contents 
in  Gallons  (of  231  Cubic,  Inches)  at  1  Foot  in  Depth. 


Diam.  Circum. 


1  in. 

i 
i 

f 


2  in. 


3  in 


4  in. 


6  in. 


lllCllL'S. 

3-1416 
3-5343 

3-  9270 

4-  3197 

4-  7124 

5-  1031 
5-4078 

5-  8905 

6-  2832 

6-  G759 

7-  0686 
7-4G13 

7-  8540 

8-  2467 

8-  6394 

9-  0321 
9-4248 
9-8175 

10-210 
10-602 

10-  995 

11-  388 

11-  781 

12-  173 
12-566 

12-  959 

13-  351 

13-  744 

14-  137 
14-529 

14-  922 

15-  315 

15-  708 

16-  100 
16-493 

16-  836 

17-  278 

17-  671 

18-  064 

18-  457 
13-819 

19-  242 

19-  635 

20-  027 


Area. 

Gallons. 

Diam. 


Inches. 

Gi  in 

-78.34 

•  0/1081 

4. 

1-2271 

•03330 

* 

1-4S48 

•07717 

X 

8 

1-7671 

•O'll  Q8 

2  U/oa 

•  1 07S  > 

1 
? 

1 

y-7Dii 

IIOJ/ 

&. 

3-1416 

•1  fi'? '^'i 

1 

3-5465 

1  Q  <  OQ 

4 
t 

3-97G0 

a 

4-4302 

•O'lO'^fi 

4-9037 

8  in. 

5-4119 

•oai 

5-9395 

b  4yio 

••^  ^7^*^ 
00/  00 

A 
8^ 

7  0o8d 

00/  01 

i 

7-od99 

.QQQ7Q 

4. 

8-2957 

4oi.>4 

f 

8 '9462 

9-6211 

9  in. 

10-3-20 

iJoOD4 

JL 

11-044 

4. 

11-793 

8 

ODO 

-65343 

13-361 

•69493 

14-188 

•73767 

s 

15-033 

•78172 

15-904 

•8-2701 

10  in. 

16-800 

•87360 

i 

17-7-20 

•92144 

i 

18-665 

•97058 

19-635 

1-02102 

20-629 

1-07271 

21-647 

1-12564 

22-690 

M7988 

23-758 

1-23542 

i  11  in 

24-850 

1-29220 

i  i 

25-967 

1-35028 

27-108 

1-40962 

28-274 

1-47025 

j  1. 

29-464 

1-53213 

30-679 

1-59531 

i  4 

31-919 

1-65979 

1  i 

Indies. 

20-420 

20-  813 

21-  205 
21-598 

21-  991 

22-  383 

22-  776 

23-  169 

23-  562 
23954 

24-  347 

24-  740 

25-  132 
25-515 

25-  918 
23-310 

26-  703 

27-  096 
27-489 

27-  881 

28-  274 

28-  637 

29-  059 
29-452 

29-  845 

30-  237 

30-  630 

31-  023 
31-416 

31-  808 

32-  201 
32-594 

32-  936 
33  379 

33-  772 

34-  164 
34-557 

34-  950 

35-  343 
35-735 
38.128 
36.521 
36.913 
37.303 


Gallons. 

lucUcs. 

l-7-25.")2 

33-183 

34-471 

1 -79249 

35-784 

1-86077 

37-122 

1 -93034 

38-484, 

2-00117 

39-871 

2-07329 

41-282 

2-14666 

42-718 

2-22134 

44-178 

2-29726 

45-633 

2-37448 

47-173 

2-45299 

48-707 

2'53276 

50-265 

2*61378 

51-848 

2-69609 

.53-456 

2-77971 

55-088 

2-86458 

56-745 

2-95074 

58-426 

3-03815 

60-132 

3-12686 

61-832 

3-21682 

63-617 

3-30808 

65-396 

3-400^59 

67-200 

3-49440 

69-029 

3-58951 

^•fiH586 

72-759 

3-78347 

74-662 

3-88242 

76-588 

3-98258 

78-540 

4-08408 

80-515 

4-18678 

82-516 

4-29083 

84-540 

4-39608 

88-590 

4-50268 

88-664 

4-61053 

90.762 

4-71962 

92-885 

4-82846 

95-033 

4-94172 

97-205 

5-0.5466 

99-402 

5-16890 

101-623 

5-28439 

103-869 

5-40119 

106-139 

5.519-23 

108-434 

5.03857 

1 110-753 

5.75916 

13* 
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Diam. 

Circum. 

Area. 

Gallons. 

[  Diam. 

Circum. 

Area. 

Gallons. 

Pt 

In. 

1  Ft 

In 

Feet 

lu.  Ft. 

lu. 

Feet. 

3 

li 

•7854 

5-8735 

^5 

115 

110  ooo4 

I 

1 

3 

4i 

•9217 

6-8928 

5 

1 15 

1  ^1 .771  W 

I 

5J 

3 

8 

1-0690 

7-9944 

216 

2i 

100  /csyi 

I 

3 

11 

1^2271 

9-1766 

5 

316 

54 

21-6475 

J.Di  ooOD 

4 

1  4 

2^ 

1^39G2 

10-4413 

5 

416 

9 

XO/  UD/4 

I 

5 

1  4 

5^ 

1^5761 

11-7866 

5 

5!  17 

yi-04-i7 

i72--^'^nn 

1/  ooUU 

I 

6 

1  4 

8A 

1^7671 

13-2150 

5 

617 

(60  /  ooo 

177.f!7/lrt 

7 

1  4 

llf 

1-9689 

14-7241 

5 

7 

17 

Of 

iao.nQ7'} 
±00  uy/ 0 

8 

2i 

2-1816 

16-3148 

5 

8 

17 

9t 

25-21 

Ico  0U40 

I 

9 

5 

5| 

2-4052 

17-9870 

5 

9  18 

n 

25-9672 

iy4  lyou 

J 

10 

5 

9 

2-6398 

19-7414 

5 

1018 

3f 

jiyy  00  iu 

I 

11 

6 

2i 

2-8852 

21-4830 

5 

11  18 

7it 

27-4943 

^Ut)  OlOO 

2 

6 

3| 

3-1416 

23-4940 

6 

18  m 

28-2744 

oil  ./1/170 

2 

1 

6 

6i 

3-4087 

25-4916 

6 

319 

7i 

r^-iy  4o4^ 

2 

2 

6 

9| 

3-6869 

6 

6  20 

oo  ±001. 

.c40  1004 

2 

3 

7 

Of 

3-9760 

29-7340 

6 

9  21 

35*7847 

2 

t 

? 

3| 

4-2760 

32-6976 

7 

21  m 

2 

7 

4-o869 

34-3027 

7 

322 

DUO  1  iit\J 

2 

6 

7 

lOi 

4-9087 

36-7092 

7 

623 

Of 

44*1787 

uou  oooy 

2 

7 

8 

If 

5-2413 

•^9-TQ64 

7 

9  24 

4i 

OOi  /UOD 

2 

8 

8 

5-5850 

41-7668 

8 

[25 

50-2656 

i)/D  yuo55 

2 

9 

8 

71 

5-9395 

44-4179 

8 

3  25 

11 

53-4562 

oyy  /  oDo 

2 

10 

8 

lOf 

6-3049 

47*1505 

8 

6-26 

81 

56-7451 

4/i4  00 -'0 

2 

11 

9 

6-6813 

49-9654 

8 

9  27 

5f 

60-1321 

44y  Z\  lo 

3 

9 

5 

7-0686 

9 

28 

31 

63-6174 

4/0  7uud 

3 

1 

9  8i 
9  111 

7-4666 

9 

3  29  Of 

67-2007 

OU/i  OOotJ 

3 

2 

7-8757 

.58-8976 

9 

6 

29  lOi 

70-8823 

OoU  UODl 

3 

3 

10 

8-2957 

9 

9  30 

7i 

74-6620 

00c  ooxa 

3 

t 

10 

51 

8-7265 

65-2602 

10 

31 

5 

78-5400 

00/  ooo4 

3 

10 

8i 

9-1683 

10 

3  32 

21 

82-5160 

01/  Uo/o 

3 

6 

10  m 

9-6211 

10 

6  32  llf 

86-5903 

04/0000 

3 

7  11 

3 

10-0846 

75-4166 

10 

9,33 

90-7627 

0/0 

3 

811 

6i!  10-5591 

78-9652 

11 

34 

6f 
4i 

95-0334 

710-6977 

3 

9  11 

9f 

11-0446 

82.5959 

11 

3  35 

99-4021 

743-3686 

3 

10  12 

5i 

11-5409 

86-3074 

11 

6  36 

U 

103-8691 

776-7746 

3 

11 

12 

12-0481 

90-1004 

11 

9  36  10*  108-4342 

810-9143 

4 

12 

61 

12-5664 

93-9754 

12 

37 

81' 

113-0976 

848-1890 

4 

I 

12 

130952 

97-9310 

12 

3 

38 

5f: 

117-8590 

881-3966 

4 

13 

1 

13-6353 

101-9701 

12 

6  39 

31 

122-7187 

917-7395 

4 

3 

13 

4i 

14-1862 

103-0.100 

12 

940 

Ofi 

127-6765 

954-8159 

4 

4 

13 

71 

14-7479 

110-2907 

13 

i 

40  10 

132-7326 

992-62r4 

4 

5 

13 

15-3206 

114-5735 

13 

3  41 

7i: 

137-8867 

1031-1719 

4 

6^ 

14 

15-9043 

118-9386 

13 

642 

4i; 

143-1391 

1070-4514 

4 

7l 

14 

4^ 

16-4986 

123-3830 

13 

9 

43 

21! 

148-4896 

1108-0645 

4 

8 

14 

71 

17.1041 

127-9112 

14 

43  llf 

153-9384 

1151-2129 

4 

14 

11 

17.7205 

132-5209 

14 

3 

44 

9i  159-4852 

1192-6940 

4 

15 

2i 

18.3476 

137-2105 

14 

645 

6^165-1303 

1234-9104 

4 

ll' 

ir> 

51 

18.98.'8  149-0582  ! 

14 

946 

4 

170-8735  ' 

1277*8615 
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Diam.  j  Circum. 

Area. 

Gallons.  | 

Diam. 

Circum. 

Area. 

Gallons. 

Ft.     In.  Ft.    111.  Feet. 

15       147    U 1767150 
15     3,47  lOi  182-6545 
15     6  48  8^188-69-23 

15  9;49   5f  194-8282 

16  50  3i201-0624 
16     3  51  0^207-3946 
16     6  51  10  1213-8251 
16     952  71220-3537 

1 

1321-54541 
1365-9634 
1407-5165 
1457-0032 
1503-6250 
1550-9797 
1599-0696 
1647-8930 

Ft.     In.  Ft.     111.       Feet.  i 

17       i53   4^  226-9806  1697-4516 
17     3  54   2^2337055  17477431 
17     654  111-240-5287  1798-7698 

17  9  55   9i'247 -4500  1850-5301 

18  l56   6^254-4696  1903-0254 
18     3  57    4  1261-5872  1956-2537 
18     6'58   ltl268-8031 2010-2171 
18     9'58  10f!2761171  2064-91 40 

DECIMAL  EQUIVALENTS. 


FRACTIONS  OF  A  LINEAL  INCH  CONVERTED  INTO  DECIMALS. 


8ths. 

if  =  .8125 

If  =  .90625 

f 1  =  .453125 

it  =  .9375 

ti  =  .96875 

H  =  .484375 

l  =  .125 

tf  =  .515625 

i  =  .25 
^  =  .375 

32n(is. 

64ths. 

M  =  .546875 
f  i  =  .578125 

i  =  .50 

^  =  .03125 

^4- =  .01 5625 

f  f  =  .609375 

f  =  .625 

=  .09375 

=  .046875 

U  =  .640625 

f  =  .75 

■3^  =  .15625 

^  =  .078125 

|i  =  . 671875 

I  =  .875 

^  = .21875 

^4  =  .109375 

f  f  =  .703125 

■ij  =  .28125 

^  =  .140625 

li  =  .734375 

U  =  .34375 

^  =  .171875 

If  =  .765625 

16ths. 

1^  =  .40625 

=  ,203125 

^  =  .796875 

^1  =  .46875 

=  .234375 

=  .828125 

■^s  =  .0025 

U  =  .53125 

=  .265625 

H  =  .859375 

A  =  .1B75 
=  .3125 

if  =  .59375 

if  =  .296875 

f  i  =  .890625 
U  =  .921875 

=  .65625 

=  .328125 

tV=.4375 

It  =  .71875 

§f  =  .359375 

li  =  .953125 

^  =  .5625 

If  =  .78125 

If  =  .390625 

II  =  .984375 

H  =  .6875 

ti  =  .84375 

li  =  .421875 

CONVERSION  OF  VULGAR  FRACTIONS  INTO  DECIMALS. 


Fractions, 

Decimals. 

Fractions. 

Deciiiiais. 

1:2 

.5 

7:8 

.875 

1:3 

.33333 

5: 12 

.41606 

2:3 

.66666 

7:  12 

.58333 

1:4 

.25 

11 :  12 

.925 

3:4 

.75 

1:24 

.04166 

1:5 

.2 

5:24 

.28333 

3:5 

.6 

7:24 

.29166 

1:6 

.16666 

11:24 

.45833 

5:6 

.83333 

13:24 

.54166 

1:8 

.125 

17:24 

.70833 

3:8 

.375 

19:24 

.79106 

5:8 

.625 

23:24 

.95833 
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CONVERSION    OF    FRACTIONS    OF    AK    INCH    INTO    DECIMALS  OP 
LINEAL  FOOT. 


^  Incli  =  0-001375  feet, 
■gi-   "    =0-00;;>65  " 

"  =0-005208 
i    "    =0-01041  '• 
I    "    =0-02083  " 


3. 

Inch 

=  0-03125 

feet. 

X 
'/ 

i 

=  0-04166 

(I 

« 

=  0-05208 

<( 

f 

=  0-0625 

(( 

7 

8 

=  0-07291 

(( 

CONVEKSION  OF  INCHES  AND  FRACTIONS   (UP  TO  12  INCHES)  INTO 
DECIMALS  OP  A  LINEAL  FOOT. 


Inches 

% 

u 

H 

H 

Va 

1 

.08333 

.09375 

.10410 

.11458 

.125 

.13541 

.14588 

.15639 

2 

.IO660 

.17707 

.1875 

.19792 

.20832 

.21873 

.22914 

.23965 

3 

.25 

.20041 

.270 

.28125 

.29166 

.30208 

.3125 

.32291 

4 

!33333 

.34375 

.35416 

.364 

.375 

.38541 

.39588 

.406.39 

5 

,41606 

.42707 

.437 

.44792 

.45832 

.46873 

.47914 

.48965 

6 

.5 

.51041 

.520 

.53125 

.54166 

.55208 

.2625 

.57291 

7 

.58333 

.59375 

.60416 

.614 

.625 

.63541 

.64588 

.65639 

8 

.66666 

.67707 

.685 

.69792 

.70832 

.71773 

.72914 

.73965 

9 

.75 

.76041 

.770 

.781-25 

.79169 

.80208 

.8425 

.82291 

10 

.83333 

.84375 

.85416 

.864 

.875 

.88541 

.89588 

.90639 

11 

.91066 

.92707 

.937 

.94792 

.95832 

.96873 

.97914 

.98965 

12 

1  foot. 

foot. 

foot. 

foot. 

foot. 

foot. 

foot. 

foot. 

CONVERSION  OP  INCHKS  INTO  DECIMALS  OP  A  LINEAL  YARD. 


1  inch  =  -0-277  yard. 

2  inches  = -0555  " 

3  "     =-0833  " 

4  "     =-1111  " 


5  inches  =  -1389  yard. 

6  "     =-1666  " 

7  "     =-1944  " 

8  "     =-2222  " 


9  inches  =  -25  yard. 

10  "     =-2778  " 

11  "     =-3055  " 

12  "     =-3333  " 


DECIMAL  EQUIVALENTS  OF  POUNDS  AND  OUNCES  A^'OI^DUPOIS. 


Oza. 

lbs. 

Ozs. 

lbs. 

Oza. 

lbs. 

Ozs. 

lbs. 

Ozs. 

lbs. 

X  

4   

•015625 

3  = 

•1875 

6i  = 

•40625 

10  = 

•625 

r>i  = 

•84375 

i= 

-031-25 

3i  = 

•21875 

7  = 

•4375 

10^  = 

•6rj(525 

14  = 

-875 

•046875 

4  = 

"25 

7i  = 

•46875 

11  = 

-687  .> 

14i  = 

•90625 

1  = 

•0625 

4i  = 

•28125 

8  = 

•5 

111  = 

•71875 

15  = 

•9375 

1^  = 

•09375 

5  = 

•3125 

8i  = 

•53125 

12  = 

•75 

15i  = 

•96875 

2  = 

•125 

5i  = 

•34375 

9  = 

•5625 

12i  = 

•78125 

16  = 

•1 

2i  = 

•15625 

6  = 

•373 

9i  = 

•59375 

13  = 

•8125 
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SCANTLING  AND  TIMBER  MEASURE. 


SCANTLING  AND  TIMBER, 
Accurately  reduced  to  Inch  Board  Measure,. 

EXPLANATION. 

The  length  of  any  piece  of  scantling,  or  timber,  will  be  found  in 
the  left-hand  column,  under  the  side  dimensions.  The  breadth  and 
depth  (or  side  dimensions),  in  inches,  will  be  found  at  the  head  or 
center  of  each  column  of  computations.  Thus,  on  page  261,  a  piece 
of  scantling  2i  by  II  inches,  side  dimension,  and  16  feet  long,  is 
shown  to  contain  36  feet  and  8  inches,  of  board  measure.  On  page 
263,  a  piece  of  scantling  4  by  10  inches,  side  dimension,  and  17  feet 
long,  is  shown  to  contain  56  feet  8  inches  of  board  measure.  The 
answer  sought  for,  in  all  cases,  will  be  found  directly  on  the  right  of 
the  length,  and  under  the  side  dimensions.  If  a  piece  of  scantling, 
or  stick  of  timber,  should  exceed  in  length  any  provision  which  has 
been  made  in  these  tables,  its  contents  would  be  shown  by  taking 
twice  what  is  shown  for  half  its  length.  Thus,  a  stick  of  timber,  or 
piece  of  scantling,  46  feet  long,  would  contain  twice  as  many  feet, 
board  measure,  as  is  shown  in  the  table  to  be  the  contents  of  a  stick 
23  feet  long.  So  also,  one  39  feet  long  would  contain  as  many  feet, 
board  measure,  as  these  tables  show  opposite  to  22  and  17  feet  long, 
or  3  times  the  contents  of  one  13  feet  long. 


TABLES. 


3  by  3. 

3  by  3. 

3  by  4. 

3  by  5. 

3  by  6.  1 

3  by  7. 

g2 

0-4 

6l 

£2 

0-6 

-El 

0-8 

■Si 
52 

010 

51 

1- 

5l 

1-2 

0-8 

1- 

£2 

1-4 

1-8 

12 

2- 

r2 

2-4 

1- 

'^3 

1-6 

-^3 

2- 

^3 

2-6 

^3 

3- 

^3 

3-6 

4 

1-4 

4 

2- 

4 

2-8 

4 

3-4 

4 

4- 

4 

4-8 

5 

1-8 

5 

2-6 

5 

34 

5 

4-2 

5 

5- 

5 

510 

6 

2- 

6 

3- 

6 

4- 

6 

5- 

6 

6- 

6 

7- 

7 

2-4 

7 

3-6 

7 

4-8 

7 

510 

7 

7- 

7 

8-2 

8 

2-8 

8 

4' 

8 

5-4 

8 

6-8 

8 

8- 

8 

9-4 

9 

3- 

9 

4-6 

9 

6- 

9 

7-6 

9 

9- 

9 

10-6 

10 

3-4 

10 

5- 

10 

6-8 

10 

8-4 

10 

10- 

10 

11-8 

11 

3-8 

11 

5-6 

11 

7-4 

11 

9-2 

11 

11- 

11 

1210 

12 

4- 

12 

6- 

12 

8- 

12 

10- 

12 

12- 

12 

14- 

13 

4-4 

13 

6-6 

13 

8-8 

13 

1010 

13 

13- 

13 

15-2 

14 

4-8 

14 

7- 

14 

9-4 

14 

11-8 

14 

14- 

14 

16-4 

15 

5- 

15 

7-6 

15 

10- 

15 

12-6 

15 

15- 

15 

17-6 

16 

5-4 

16 

8- 

16 

10-8 

16 

13-4 

16 

16- 

16 

18-8 

17 

5-8 

17 

8-6 

17 

11-4 

17 

14-2 

17 

17- 

17 

1910 

18 

6- 

18 

9- 

18 

12- 

18 

15- 

18 

18- 

18 

21- 

19 

6-4 

19 

9-6 

19 

12-8 

19 

1510 

19 

19- 

19 

22-2 

20 

6-8 

20 

10- 

20 

13-4 

20 

16-8 

20 

20- 

20 

23-4 

21 

7- 

21 

10-6 

21 

14- 

21 

17-6 

21 

21- 

21 

24-6 

22 

7-4 

22 

11- 

22 

14-8 

22 

18-4 

22 

22- 

22 

25-8 

23 

7-8 

23 

11-6 

23 

15-4 

23 

19-2 

23 

23- 

23 

2610 

24 

8- 

24 

12- 

24 

16- 

24 

20- 

24 

24- 

24 

28- 
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3  by  8. 

a  by  «. 

a  by  10. 

a  by  11. 

3* 

by  5. 

aiby6. 

1-4 

el 

1-6 

6  1 

18 

ii 

110 

1-1 

5  1 

1-3 

g2 

2-8 

£2 

3- 

£2 

3  4 

£2 

38 

l'2 

9.1 

£2 

2"-6 

3 

4- 

3 

4-6 

3 

5- 

3 

56 

■J3 

3-2 

0 

^•f - 

4 

5-4 

4 

6- 

4 

6  8 

4 

7-4 

4 

4-2 

4 

5-  - 

5 

6-8 

5 

7-6 

5 

8-4 

5 

9-2 

5-3 

5 

6  3 , 

6 

8- 

6 

9- 

6 

10- 

6 

11- 

Q 

6-3 

6 

7 

9-4 

7 

10-6 

7 

11-8 

7 

1210 

•J* 

7-4 

7 

8-»  ^ 

8 

10-8 

8 

12- 

8 

13-4 

8 

14-8 

Q 

8-4 

8 

10-  \ 

g 

12- 

9 

13-6 

g 

15- 

9 

16-6 

g 

9-5 

9 

11-3  V 

10 

13-4 

10 

15- 

10 

16-8 

10 

18-4 

10 

10-5 

10 

12-6 

11 

14-8 

11 

16-6 

11 

18-4 

11 

20-2 

11 

11-6 

11 

13-9 

12 

16- 

12 

18- 

12 

20- 

12 

22- 

12 

12-6 

12 

15- 

13 

17-4 

13 

19-6 

13 

21-8 

13 

23-10 

13 

13-7 

13 

16-3 

14 

18-8 

14 

21- 

14 

23-4 

14 

25-8 

14 

14-7 

14 

17-6 

15 

20- 

15 

22-6 

15 

25- 

15 

27-6 

15 

15-8 

15 

189 

16 

21-4 

16 

24- 

16 

26-8 

16 

29-4 

16 

16-8 

16 

20- 

17 

22-8 

17 

25  6 

17 

28-4 

17 

31-2 

17 

17-9 

17 

21-3 

18 

24- 

18 

27- 

18 

30- 

18 

33- 

18 

18-9 

18 

22-6 

19 

25-4 

19 

28-6 

19 

31  8 

19 

34-10 

19 

1910 

19 

23-9 

20 

26-8 

20 

30- 

20 

33-4 

20 

36-8 

20 

20-10 

20 

25- 

21 

28- 

21 

31-6 

21 

35- 

21 

38-6 

21 

21-11 

21 

26-3 

22 

29-4 

22 

33- 

22 

36-8 

22 

40-4 

22 

22-11 

22 

27-6 

23 

30-8 

23 

34-6 

23 

38-4 

23 

42-2 

23 

24- 

23 

28-9 

24 

32- 

24 

36- 

24 

40- 

24 

44- 

24 

25- 

24 

30- 

by  7. 

'4h 

by  8. 

_3iby  9. 

•4^  hy  10. 

ai  by  11. 

a^  by la. 

J=  1 

1-6 

-Si 
12 

1-8 

51 
12 

Ml 

■51 

2-1 

■Si 

2-4 

5 1 

£2 

2-6 

g2 

2-11 

3-4 

3-9 

£"2 

4-2 

£2 

4-7 

5. 

^3 

4-5 

3 

5- 

^3 

5-8 

^3 

6-3 

^3 

7- 

^3 

7-6 

4 

5  10 

4 

6-8 

4 

7.6 

4 

8-4 

4 

9-2 

4 

10- 

5 

7-4 

5 

8-4 

5 

9-5 

5 

10-5 

5 

11-6 

5 

12-6 

6 

8-9 

6 

10- 

6 

11-3 

6 

12-6 

6 

13-9 

6 

15- 

7 

10-3 

7 

11-8 

7 

13-2 

7 

14-7 

7 

16- 

7 

17-6 

8 

11-8 

8 

13-4 

8 

15- 

8 

16-8 

8 

18-4 

8 

20- 

9 

13-2 

g 

is- 

9 

16-11 

9 

18-9 

9 

20-8 

9 

22-6 

10 

14-7 

10 

les 

10 

18-9 

10 

2010 

10 

23" 

10 

25- 

11 

161 

11 

18-4 

11 

20-8 

11 

22-11 

11 

25-3 

11 

27-6 

12 

17-6 

12 

20- 

12 

22  6 

12 

25- 

12 

27-6 

12 

30- 

13 

19- 

13 

21-8 

13 

24-5 

13 

27-1 

13 

29-10 

13 

32-6 

14 

20-5 

14 

23-4 

14 

26-3 

14 

29-2 

14 

321 

14 

35- 

15 

2111 

15 

25- 

15 

28-2 

15 

31-3 

15 

34-4 

15 

37-6 

16 

23-4 

16 

26-8 

16 

30- 

16 

33-4 

16 

36-8 

16 

40- 

17 

2410 

17 

28-4 

17 

31  11 

17 

35  5 

17 

so- 

17 

42-6 

18 

26-3 

18 

30- 

18 

33  9 

18 

37.6 

18 

il  3 

18 

45- 

19 

27-9 

19 

31-8 

19 

35  8 

19 

39-7 

19 

43-7 

19 

47-6 

20 

29-2 

20 

33-4 

20 

37  6 

20 

41-8 

20 

45-10 

20 

50- 

21 

30-8 

21 

35- 

21 

39  5 

21 

43-9 

21 

48-2 

21 

52  6 

22 

321 

22 

36-8 

22 

41  3 

22 

45-10 

22 

50-5 

22 

55- 

23 

33-7 

23 

38-4 

23 

432 

23 

47-11 

23 

52-9 

23 

57-6 

24 

35- 

24 

40- 

24 

45- 

24 

50- 

1  24 

55- 

24 

fiO- 
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3  by  3. 

3  by  <t. 

1    3  by  5. 

1    3  by  G. 

3  by  r. 

3  by  8. 

0-9 

•5  1 

1- 

-■  1 
£2 

13 

4  1 

16 

Ml 

1-9 

'4\ 

2- 

h 

1-6 

2- 

26 

z2 

3. 

h 

36 

?°2 

4- 

2-3 

^3 

3- 

^3 

3-9 

"3 

4-6 

^3 

5-3 

"^3 

6* 

4 

3- 

4 

4- 

4 

5- 

4 

6- 

4 

7. 

8' 

5 

3-9 

5 

5- 

5 

6-3 

5 

7-6 

5 

89 

5 

10' 

6 

4-6 

6 

6- 

6 

7-6 

6 

9- 

g 

106 

g 

12- 

7 

5-3 

7 

7- 

7 

89 

7 

106 

7 

12-3 

7 

14- 

8 

6- 

8 

8- 

8 

10- 

8 

12- 

8 

14- 

g 

1  n- 
1  u 

9 

6-9 

9 

9- 

9 

11-3 

9 

13-6 

9 

15-9 

9 

18 

10 

7-6 

10 

lo- 

10 

12-6 

10 

15- 

10 

17-6 

10 

29- 

11 

8-3 

11 

ll- 

11 

13-9 

11 

16-6 

11 

19-3 

11 

22- 

12 

9- 

12 

12- 

12 

15- 

12 

18- 

12 

21- 

12 

24- 

13 

9-9 

13 

13- 

13 

16-3 

13 

19-6 

13 

22-9 

13 

26- 

14 

10-6 

14 

14- 

14 

176 

14 

21- 

14 

24-6 

14 

28- 

15 

11-3 

15 

15- 

15 

18-9 

15 

226 

15 

23-3 

15 

30- 

16 

12- 

16 

16- 

16 

20- 

16 

24- 

16 

28- 

16 

32- 

17 

12-9 

17 

17- 

17 

21-3 

17 

25-6 

17 

29-9 

17 

34- 

18 

13G 

18 

18- 

18 

22-6 

18 

27- 

18 

31-6 

18 

36- 

19 

14-3 

19 

19- 

19 

23-9 

19 

28-6 

19 

33-3 

19 

38- 

20 

15- 

20 

20- 

20 

25- 

20 

30- 

20 

35- 

20 

40- 

21 

15-9 

21 

21- 

21 

26-3 

21 

31-6 

21 

36-9 

21 

42- 

22 

lC-6 

22 

22- 

22 

27-6 

22 

33- 

22 

38-6 

22 

44- 

23 

17-3 
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TO  FIND  THE  CHORDIAL  PITCH  OF  ANY  GIVEN 
WHEEL. 


We  take  the  number  of  degrees  in  a  circle,  360,  and  divide 
that  number  by  the  number  of  teeth  iu  the  wheel,  -which  gives 
U8  the  number  of  degrees  and  minutes  to  the  arc  pitch ;  of  this 
amount,  whatever  it  may  be,  we  take  one  half  and  look  in  a 
table  of  natural  sines  for  the  sine  of  the  half  arc  pitch.  Then 
multiply  the  sine  so  found  by  2  aud  by  the  radius  in  inches, 
and  the  product  ia  the  chordial  pitch. 

Example  : — What  will  be  the  chordial  pitch  of  a  pinion  8 
inches  in  diameter  and  to  contain  12  teeth  ? 

360o-f-12  (No.  of  teeth)  =30°;  take  half  =  1.5;  now  the 
sine  of  15  iu  the  table  is  "25^8X2  =  .5176x0  (radius  of  pin- 
ion) =  2.0706 :  wliich  is  the  true  chordial  pitch. 
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TABLE 


OP  THE  PROPOUTIONAI.  RADII  OF  WHEELS. 
From       to  1  Inch. 
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0.-405 
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0-463 
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0-562 
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5-  994 

6-  133 
6-272 
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83 
84 
85 
83 
87 
88 
89 
90 
91 
92 
93 


'A 

1-833 
1-871 
1-911 
1-951 

1-  991 

2-  031 
2-070 
2-110 
2-150 
2-190 
2-229 
2-2C9 
2-309 
2-349 
2-388 
2-428 
2-468 
2-508 
2-548 
2-587 
2-627 
2-667 
2-707 
2-746 
2-786 
2-826 
2-836 
2-905 
2-945 

2-  985 

3-  025 
3-065 
3-104 
3-144 
3-184 
3-224 
3-263 
3-303 
3-343 
3-383 
3-423 
3-462 
3-502 
3-542 
3-582 
3-622 
3-631 
3-701 


2-748 
2-807 
2-867 
2-927 

2-  986 

3-  046 
3-105 
3-165 
3-225 
3-284 
3-344 
3-404 
3-463 
3-523 
3-583 
3-642 
3-702 
3-762 
3-821 
3-881 

3-  941 

4-  000 
4-060 
4-120 
4-179 
4-239 
4-299 
4-358 
4-418 
4-478 
4-537 
4-597 
4-657 
4-716 
4-776 
4-838 
4-895 

4-  9r.5 

5-  015 
5-074 
5-134 
5-194 
5-253 
5-313 
5-373 
5-432 
5-492 
5-552 


3-663 
3-743 
3-822 
3-902 

3-  982 

4-  061 
4-141 
4-220 
4-300 
4-379 
4-459 
4-538 
4-618 
4-697 
4-777 
4-856 

4-  936 

5-  015 
5-095 
5-175 
5-254 
5-334 
5-413 
5-493 
5-572 
5-652 

5-  731 

6-  811 
5-8D0 

5-  970 

6-  050 
6-129 
6-209 
6-288 
6-338 
6-447 
6-527 
6-607 
6-686 
6-766 
6-845 

6-  925 

7-  004 
7-084 
7-163 
7-243 
7-323 
7-402 


% 

1 

Ji 

1 

4-579 

5-495 

6-411 

7-327 

4-679 

5-614 

6-550 

7-486 

4-778 

5-734 

6-689 

7-645 

4-877 

5-853 

6-828 

7-804 

4-977 

5-972 

6-968 

7-963 

5-076 

6-092 

7-107 

8-122 

5-176 

6-211 

7-246 

8-281 

5  •275 

6-330 

7-385 

8-440 

5-375 

6-449 

7-524 

8-599 

5-474 

6-569 

7-663 

8-758 

5-573 

6-688 

7-803 

8-917 

5-673 

6-807 

7-942 

9-076 

5-772 

6-927 

8-081 

9-235 

5-872 

7-046 

8-220 

9-3C5 

5-971 

7-165 

8-359 

9-C54 

6-070 

7-285 

8-499 

9-713 

6-170 

7-404 

8-638 

9-872 

6-269 

7-523 

8-777 

10-031 

6-369 

7 -643 

8-916 

10-190 

6-468 

7-782 

9-055 

10-349 

6-568 

7-881 

9-195 

lC-508 

6-667 

8-OCO 

9-334 

10-667 

6-767 

8-1-20 

9-473 

10-826 

6-866 

8-239 

9-612 

10-985 

6-965 

8-358 

9-752 

11-145 

7-065 

8-478 

9-891 

11-304 

7-104 

8-597 

10-030 

11-463 

7-264 

8-716 

10-1C9 

11-622 

7-333 

8-835 

10-308 

11-701 

7-463 

8-955 

10-448 

11-940 

7-5(32 

9-074 

10-587 

12-099 

7-631 

9-194 

10-726 

12-258 

7-7G1 

9-313 

10-865 

12-417 

7*830 

9-432 

11-004 

12-577 

7-930 

9-552 

11-144 

12-736 

8-059 

9-671 

11-283 

12-895 

8-159 

9-790 

11-422 

13-054 

8-258 

9-910 

11-561 

13-213 

8-358 

10-029 

11-701 

13-372 

8-457 

10-148 

11-840 

13-531 

8-556 

10-268 

11-979 

13-690 

8-656 

10-387 

12-118 

13-849 

8°755 

10-506 

12-258 

14-009 

8-855 

10-626 

12-397 

14-168 

8-954 

10-745 

12-536 

14-3-27 

9-054 

10-834 

12-675 

14-486 

9-153 

10-984 

12-815 

14-645 

9-253 

11-103 

12-954 

14-804 
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No.  0 

teeth 

0/1 

•5.7  J  1 

JO 

Q.7W  1 

o  vol 

Qf? 
VO 

6o2\j 

Q7 

o  obU 

yo 

3*940 

inn 

o  yoU 

4  uiy 

4  Ui>y 

4  uyy 

If)  A 

4  loy 

IfiEL 
xvo 

.1  7Q 

4  17o 

1  nft 

4"218 

1  07 

4"258 

lOQ 

A  .OOQ 

4  5jyo 

1  nu 
xuy 

lift 

4'377 

111 
111 

4.417 

1  io 

4"457 

11'} 

4*497 

1 1 ,1 

4*536 

lie: 
llO 

4*576 

1 1<; 
lib 

4*616 

117 

117 

4*656 

1  1  Q 

llo 

4*696 

HQ 

iiy 

4*735 

1  on 

4*775 

1  oi 

4*815 

loo 
122 

4*855 

1  OQ 

l2o 

4*895 

1  O/l 

I2i 

4*934 

1  or^ 

4*974 

1  OiJ 

12o 

5*014 

1  07 

5*054 

128 

5*093 

10Q 

i,^y 

o  loo 

130 

5*173 

131 

5*213 

132 

5*253 

133 

5*292 

134 

5*332 

135 

5*372 

136 

5*412 

137 

5*452 

138 

5*491 

139 

5*531 

140 

5-571 

141 

5*611 

"■A 

5*611 

7*482 

5*671 

7*561 

5*731 

7-641 

5*790 

7*720 

5*850 

7*800 

5*910 

7*880 

5*969 

7*959 

6*029 

8*039 

6*089 

8*118 

6-148 

8*198 

6*208 

8*277 

6*268 

8*357 

6*327 

8*436 

6*387 

8*516 

6*447 

8*596 

6*506 

8*675 

6*566 

8*755 

6*626 

8*834 

6*685 

8*914 

6*745 

8*993 

6*805 

9*073 

6-864 

9*153 

6*924 

9*232 

6*984 

9*312 

7*043 

9-391 

7*103 

9*471 

7*163 

9*550 

7*222 

9*630 

7*282 

9*710 

7*342 

9*789 

7*402 

9*869 

7*461 

9*948 

7*521 

10*028 

7-581 

10*107 

7*640 

10*187 

7*700 

10*267 

7*700 

10346 

7*819 

10*426 

7.879 

10  505 

7*939 

10*585 

7*998 

10*664 

8*058 

10*744 

8*118 

10*824 

8*177 

10-903 

8*237 

10-983 

8*297 

11-062 

8*356 

11-142 

8*416 

11-221 

Y 

9*352 

9-452 

1 1  '"^  10 
XI 

Q-f»f\1 
a  OOX 

1 1 -AfW 
XI  'tOX 

9-650 

1 1  ''\fi^ 

11  »)01 

9-750 

1 1  -700 
11  #  \J\) 

9*849 

X 1  oxy 

9*949 

1 1  •Q'iS 

XX  t700 

10*048 

XfC  \JOO 

10*148 

12-177 

10*247 

10*347 

X4'  ^  iU 

10*446 

Xti  000 

10*546 

X4  uoo 

10*645 

X^  4/4 

10*744 

12-893 

10*844 

l*i-ni  *i 

XO  U iO 

10*943 

13*182 

11.043 

XO  .^DX 

11*142 

13*371 

11*242 

XO  ^yu 

11  341 

XO  ouy 

11*441 

•  13*7-39 

11*540 

13*848 

11*640 

XO  yoo 

11*739 

14*087 

11*839 

x4  Aiuo 

11*938 

X4  o^D 

12*037 

14  440 

12-137 

J  4  004 

12-236 

14  Uo4 

12*336 

1  4'8nQ 
14  c3Uo 

12-435 

1  4'QOO 

14  y^^ 

12-535 

1  r:  .ft  ,<  0 
10  U4^ 

XiCf  uo^ 

1  fi- 1  K 1 
10  101 

IO'?*?/! 
X/S/  4  o** 

1  f»-Ortft 
XO  ZO\) 

12-833 

15*400 

12*933 

15*519 

13-032 

15*638 

13132 

15*758 

13-231 

15*877 

13-331 

15*997 

13-430 

16-116 

13-529 

16*23.3 

13-629 

16*355 

13-728 

16*474 

13-828 

16*593 

13-927 

16*713 

14-027 

16*832 

1 

1  "i  ftQ-? 

1  A  .QRQ 

14  yoo 

1  Q.OQO 
XO  tCO/C 

LO  XdZ 

XO  0/ X 

10  «iO/4 

1  1 

10  oil 

10  441 

XO  oou 

10  OUU 

1  '^•7>^Q 
XO  /  oy 

10  /oa 

XO  y-cc? 

10  yio 

X4  UDo 

1  f;.ft77 

10  U/ / 

1  4. 907 
X4  JJ/ 

10  ,600 

X4  040 

1  fi.QOA 

10  oyo 

1 1./18^ 
X4  4oO 

10  000 

X4  O^D 

10  / 14 

1 ,1 .7^/1 
X4  /U4 

10  o7  J 

1 ,1.QftQ 

14  yuo 

1  7.0QO 

XI  voM 

1  -"^'ft/lO 
10  yjlii 

1  7.1  Q1 

1/  lyi 

10  104 

1/  ouU 

10  0.41 

1/  ouy 

10  40u 

1/  ouy 

10  oyy 

1  7.U.>Q 

1/  c4o 

10  /  00 

1  7.QQ7 

1/  voi 

10  0/0 

1  J.I  /If; 
10  140 

1  fi.ftl  7 
10  Ul/ 

1 8.Qnc^ 

lo  OUO 

10  IDO 

1~  404 

10  ^yo 

10  0/io 

10.400 

1  W.7U.) 
10  ioZ 

10  .)/  4 

10  y4,« 

10  /  io 

1  Q.I  ni 

ly  lui 

10  OO,* 

ly  <Jou 

10  VVii 

1  U./II  Q 

ly  4iy 

17'1'^1 

1/  lol 

ly  0/0 

1  7-970 

ly  /  0/ 

17.41ft 
1  /  4iU 

ly  oyo 

1/  04y 

1/  Doo 

4U  /ilo 

1  7-W07 

Oft.Q  ~^ 

17*966 

18*106 

20*692 

18*245 

20*851 

18*384 

21*010 

18*523 

21*170 

18*663 

21*329 

18*802 

21*488 

18*941 

21*647 

19080 

21*806 

19*220 

21-965 

19*359 

22-124 

19*498 

22-284 

19-637 

22-443 
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No  of 
teetli. 

H 

r& 

% 

Vi 

1 

142 

5-650 

8-476 

11-301 

14-126 

16-951 

19-777 

22-602 

143 

5-090 

8-535 

11-381 

14-226 

17-071 

19-916 

22-701 

144 

5-730 

8-595 

11-460 

14-325 

17-190 

20-055 

22-920 

145 

5-770 

8-055 

11-540 

14-425 

17-309 

20-194 

23-079 

146 

5-810 

8-714 

11-619 

14-524 

17-429 

20-334 

23-238 

147 

5-849 

8-774 

11-099 

14-623 

17-548 

20-473 

23-398 

148 

5-889 

8-834 

11-778 

14-723 

17-008 

20-612 

23-557 

149 

5-929 

8-893 

11-858 

14-822 

17-787 

20-751 

23-716 

150 

5-9G9 

8-953 

11-938 

14-922 

17-906 

20-891 

23-8/5 

151 

6-U09 

9-013 

12-017 

15-021 

18-020 

21-030 

24-034 

152 

6-048 

9-072 

12-097 

15-121 

18-145 

21-109 

24-193 

153 

6-088 

9132 

12-176 

15-220 

18-204 

21-308 

24-352 

154 

6-128 

9-192 

12"2i.6 

15-3:^0 

13-384 

21-448 

24-512 

155 

6-108 

9-252 

12-335 

15-419 

18-503 

21-587 

24-671 

150 

6-207 

9-311 

12-415 

15-519 

18-G22 

21-726 

24-630 

157 

6-247 

9-371 

12-494 

15-G18 

18-742 

21-8G5 

24-9^:9 

158 

6-287 

9-431 

12-574 

15-718 

18-8G1 

22-005 

25-148 

159 

6-327 

9-490 

12-654 

15-817 

18-980 

22-144 

25-307 

IGO 

6-307 

9-5o0 

12-733 

15-917 

19-100 

22-283 

25-406 

IGl 

6-406 

9-010 

12-813 

16-016 

19-219 

22-422 

25-625 

1G2 

6-446 

9-0G9 

12-892 

16-115 

19-339 

22-502 

25-785 

163 

6-486 

9-729 

12-972 

16-215 

19-458 

22-701 

25-944 

164 

6-526 

9-789 

13-052 

10-314 

19-577 

22-840 

26-103 

105 

6-566 

9-848 

13-131 

16-414 

19-C97 

22-979 

26-2G2 

163 

6-605 

9-908 

13-211 

16-513 

19-81G 

23-119 

26-421 

1G7 

6-645 

9-908 

13-290 

16-613 

19-935 

23-258 

26-580 

108 

6-085 

10.027 

13-370 

16-712 

20-055 

23-397 

26-740 

169 

6-725 

10-087 

13-449 

16-812 

20-174 

23-536 

2G-899 

170 

6-7C4 

10-147 

13-5',9 

16-911 

20-293 

23-676 

27-058 

171 

0-804 

10-206 

13-009 

17-011 

20-413 

23-815 

27-217 

172 

0-844 

10-206 

13-088 

17-110 

20-C32 

23-954 

27-376 

173 

0-884 

10-326 

13-708 

17-210 

20-651 

24-093 

27-535 

174 

0-924 

10-385 

13-847 

17-3U9 

20-771 

24-233 

27-094 

175 

0-903 

10-445 

13-927 

17-409 

20-890 

24-372 

27-8:4 

176 

7-003 

10-505 

14-006 

17-508 

21-010 

24-511 

28-017 

177 

7-043 

10-504 

14-086 

17-607 

21-129 

24-050 

28-172 

178 

7-083 

10-G24 

14-166 

17-707 

21-248 

24-790 

28-331 

179 

7-123 

10-L84 

14-245 

17-806 

21-368 

24-929 

28-490 

180 

7-162 

10-744 

14-325 

17-906 

21-487 

25-068 

28-649 

181 

7-202 

10-803 

14-404 

18-005 

21-6C6 

25-207 

28-808 

182 

7-242 

10-803 

14-484 

18-105 

21-726 

25-347 

28-9G8 

183 

7-282 

10-923 

14-503 

18-204 

21-845 

25-486 

29-127 

184 

7-321 

10-982 

14-643 

lH-304 

21-964 

25-625 

29-286 

185 

7-301 

11-042 

14-7-23 

18-403 

22-084 

25-764 

29-445 

188 

7-401 

11-102 

14-802 

18-503 

22-203 

25-904 

29-007 

187 

7-441 

11-101 

14-882 

18-002 

22-323 

26-043 

29-7G3 

188 

7-481 

11-221 

14-961 

18-702 

22-442 

26-182 

29-923 

189 

7-520 

11-281 

15-041 

18-801 

22-561 

26-321 

30-08-2 
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No.  of 
teetu. 

}i 

H 

H 

H 

H 

1 

190 

7-560 

11-340 

15-120 

18-901 

22-681 

26-461 

30-241 

191 

7-600 

11-400 

15-200 

19-000 

22-800' 

26-600 

30-400 

192 

7-640 

11-460 

15-280 

19-099 

22-919 

26-739 

30-559 

193 

7-680 

11-519 

15-359 

19-199 

23.039 

26-878 

30-718 

194 

7-719 

11-579 

15-439 

19-298 

23-158 

27-018 

30-877 

195 

7-7ri9 

11-639 

15-518 

19-398 

23-277 

27-157 

31-037 

196 

7-799 

11-698 

15-598 

19-497 

23-397 

27-296 

31-196 

197 

7-839 

11-758 

15-677 

19-597 

23-516 

27-436 

31-355 

198 

7-879 

11-818 

15-757 

19-696 

23-636 

27-575 

31-514 

199 

7-918 

11-877 

15-837 

19-796 

23-755 

27-714 

31-673 

200 

7-958 

11-937 

15-916 

19-895 

23-874 

27-853 

31-832 

201 

7-998 

11-997 

15-996 

19-995 

23-994 

27-993 

31-991 

202 

8-038 

l-i-056 

16-075 

20-094 

24-113 

28-132 

32-151 

203 

8-077 

12-116 

16-155 

20-194 

24-232 

28-271 

32-310 

204 

8-117 

12-176 

16-234 

20-293 

24-352 

28-410 

32-469 

205 

8-157 

12-236 

16-314 

20-393 

24-471 

28-550 

32-628 

206 

8-197 

12-295 

16-394 

20-492 

24-590 

28-689 

32-787 

207 

8-237 

12-355 

16-473 

20-591 

24-710 

28-828 

32-946 

208 

8-276 

12-415 

16-553 

20-691 

24-829 

28-967 

33-106 

209 

8-316 

12-474 

16-632 

20-790 

24-948 

29-107 

33-265 

210 

8-356 

12-534 

16-712 

20-890 

25-0G8 

29-246 

33-424 

211 

8-396 

12-594 

16-791 

20-989 

25-187 

29-385 

33-583 

212 

8-436 

12-653 

16-871 

21-089 

25-307 

i:9-5-24 

33-742 

213 

8-475 

12-713 

16-951 

21-188 

25-4-26 

29-664 

33-901 

214 

8-515 

12-773 

17-030 

21-288 

25-545 

29-803 

34-060 

215 

8-555 

12-832 

17-110 

21-387 

25-665 

29-942 

34-220 

216 

8-595 

12-892 

17-189 

21-487 

25-784 

30-081 

34-379 

217 

8-634 

12-952 

17-269 

21-586 

25-903 

30-221 

34-538 

218 

8-674 

13011 

17-349 

21-686 

26-023 

30-360 

34-697 

219 

8-714 

13-071 

17-420 

21-786 

26-142 

30-499 

34-856 

220 

8-754 

13-131 

17-508 

21-885 

26-^61 

30-638 

35-015 

221 

8-794 

13-190 

17-587 

21-984 

26-381 

30-778 

35-174 

222 

8-833 

13-250 

17-667 

22-084 

26-500 

30-917 

35-334 

223 

8-873 

13-310 

17-746 

22-183 

26-620 

31-056 

35-493 

224 

8-913 

13-369 

17-826 

22-282 

26-739 

31-195 

35-652 

225 

8-953 

13-429 

17-906 

22-382 

26-858 

31-335 

35-811 

226 

8-993 

13-489 

17-985 

22-481 

26-978 

31-474 

35-970 

227 

9-032 

13-548 

18-065 

22-581 

27-097 

31-613 

36-129 

228 

9072 

13-608 

18-144 

22-680 

27-216 

31-752 

36-289 

2J9 

9-112 

13-668 

18-224 

22-780 

27-336 

31-892 

36-448 

230 

9-152 

13-728 

18-303 

22-879 

27-455 

32-031 

36-607 

231 

9-191 

13-787 

18-383 

22-979 

27-574 

3-2-170 

36.766 

232 

9-231 

13-847 

18-463 

23  078 

27-694 

32-309 

36-925 

233 

9-271 

13-907 

18-542 

23-178 

27-813 

32-449 

37-084 

234 

9-311 

13.966 

18-6-22 

23-277 

27-933 

32-588 

37-243 

235 

9-351 

14-026 

18-701 

23-377 

28-052 

32-727 

37-403 

236 

9-390 

14-086 

18-781 

23-476 

28-171 

32-867 

37-562 

237 

9-430 

14-145 

18-860 

23-576 

28-291 

33-006 

37-721 
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ICo.  of,  J/ 

34 

•  70 

72 

78 

74 

1 

238 

9-470 

14-205 

18-940 

23-675 

28-410 

33- 145 

37-880 

239 

9-510 

14-265 

19020 

23-774 

28-C29 

33-284 

38-039 

240 

9-550 

14-324 

19-099 

23-874 

28-649 

33-424 

38-198 

241 

9-589 

14-384 

19-179 

23-973 

28-768 

33-563 

38-357 

242 

9-629 

14-444  1 

19-258 

24-073 

28-887 

33-702 

38-517 

243 

9-669 

14-503  i 

19-338 

24-172 

29-007 

33-841 

38-676 

244 

9-709 

14-563 

19  417 

24-272 

29-126 

33-981 

38-835 

245 

9-749 

14-623 

19-497 

24-371 

29-246 

34-120 

38-994 

246 

9-788 

14-682 

19-577 

24-471 

29-365 

34-259 

39-153 

247 

9-828 

14-742 

19-656 

24-570 

29-484 

34-398 

39-312 

248 

9.868 

14-802 

19-736 

24-670 

29-604 

34-538 

39-472 

249 

9-908 

14-861 

19-815 

24-769 

29-723 

34-677 

39-631 

250 

9-947 

14-921 

19-895 

24-869 

29-842 

34-816 

39-790 

251 

9-987 

14-981 

19-974 

24-968 

29-962 

34-955 

39-949 

252 

10-027 

15-041 

20-054 

25-068 

30-081 

35-095 

40-108 

253 

10067 

15-100 

20-134 

25-167 

30-200 

35-234 

40-267 

254 

10- 107 

15-160 

20-213 

25-267 

30-320 

35-373 

40-426 

255 

10-146 

15-220 

20-293 

25-366 

30-439 

35-512 

40-586 

256 

10-186 

15-279 

20-372 

25-465 

30-559 

35-652 

40-745 

257 

10-226 

15-339 

20-452 

25-565 

30-678 

35-791 

40-904 

258 

10-266 

15-399 

20-532 

25-664 

30-797 

35-930 

41-063 

259 

10-306 

15-.458 

20-611 

25-764 

30-917 

36-0b9 

41-222 

260 

10-345 

15-518 

20-691 

25-863 

31-036 

36-209 

41-381 

261 

10-385 

15-578 

20-770 

25-963 

31-155 

36-348 

41-540 

262 

10-425 

15-637 

20-850 

26-062 

31-275 

36-487 

41-700 

263 

10-465 

15-697 

20-929 

26-162 

31-394 

36-626 

41-859 

264 

10-504 

15-757 

21-009 

26-261 

31-513 

36-766 

42-018 

265 

10-544 

15-816 

21-089 

26.361 

31-633 

36-905 

42-177 

266 

10-584 

15-876 

21-168 

26-460 

31-752 

37-044 

42-336 

267 

10-624 

15-936 

21-248 

26-560 

31-872 

37-183 

42-495 

268 

10-664 

15-995 

21-3-27 

26-659 

31-991 

37-323 

42-655 

269 

10-703 

16055 

21-407 

26-759 

32110 

37-462 

42-814 

270 

10-743 

16-115 

21-486 

26-858 

32-230 

37-601 

42-973 

271 

10-783 

16-175 

21-566 

26-958 

32349 

37-741 

43-132 

272 

10-823 

16-234 

21-646 

27-057 

32-468 

37-880 

43-291 

273 

10-863 

16-294 

21-725 

27-156 

32-588 

38-019 

43-450 

274 

10-902 

16-354 

21-805 

27-256 

32-707 

38-158 

43-609 

275 

10-942 

16-413 

21-884 

27-.^5 

3'.^-826 

38-298 

43-769 

276 

10-982 

16-473 

21-964 

27-455 

32-946 

38-437 

43-928 

277 

11  022 

16-533 

22-043 

27-554 

33-065 

38-576 

44-087 

278 

11-062 

16-592 

22-123 

27-654 

33-185 

38-715 

44-246 

279 

11-101 

16-652 

22-203 

27-753 

33-304 

38-855 

44-405 

280 

11141 

16-712 

22-282 

27-853 

33-423 

38-994 

44-564 

281 

11-181 

16-771 

22-362 

27-952 

33-543 

39-133 

44-724 

282 

11-221 

16-831 

22-441 

28-052 

33-662 

39-272 

44-883 

283 

11-260 

16-891 

22-521 

28-151 

33-781 

39-412 

45-042 

284 

11-300 

16-950 

22-600 

28-251 

3;?-90l 

39-551 

45-201 

285 

11-340 

17-010 

22-680 

28-350 

34-020 

39-690 

45-360 

14 
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286 
2H7 
2HH 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 


11.380 
11-420 
11-459 
11-499 
11-539 
11-579 
11-619 
11-6  8 
H-G98 
11-738 
11 -778 
11-817 
11-857 
11-897 
11-937 


17-070 
17-129 
17-189 
17-249 
17-308 
17-368 
17-428 
17-488 
17-547 
17-607 
17-667 
17-726 
17-786 
17-846 
17-905 


'A 

22-760 
2<'-839 
22-919 

22-  998 

23-  078 
23-158 
23-237 
23-317 
23-396 
23-476 
23-555 
23-635 
23-715 
23-794 
23-874 


H 

28-450 
28-549 
28-648 
28-748 
28-847 

28-  947 

29-  046 
29-146 
29  245 
'^9-345 
29-444 
29-544 
29-643 
29-743 
29.842 


H 

34-139 
34-259 
34-378 
34-498 
34-617 
34-736 
34-856 

34-  975 

35-  094 
35-214 
35-333 
35-452 
35-572 
35-691 
35-811 


39-829 

39-  969 

40-  108 
40-247 
40-386 
40-526 
40-665 
40-804 

40-  943 

41-  083 
41-222 
41-361 
41-500 
41-640 
41-779 


45-519 
45-678 
45-838 

45-  997 

46-  156 
46-315 
46-474 
46-633 
46-792 

46-  952 

47-  111 
47-270 
47-429 
47-588 
47-747 


TABLE 


OF  THE  PROPORTIONAL  RADII  OP  WHEELS. 

From  ]}^to3  Inches  Pitch. 


No.  of 
teeth. 

IK 

IK 

2 

15 

3-006 

3-607 

4  209 

4-810 

16 

3-204 

3-o44 

4-485 

5-l-<>6 

17 

3-401 

4  082 

4-762 

5-442 

18 

3-599 

4-319 

5-039 

5-759 

19 

3-797 

4-557 

5-316 

6-076 

20 

3-995 

4-794 

5-593 

6-392 

21 

4-193 

5-032 

5-871 

6-710 

22 

4-392 

5-270 

6-148 

7-027 

23 

4-590 

5-508 

6-426 

7-344 

24 

4-788 

5-746 

6-704 

7-661 

25 

4-987 

5-984 

6-981 

7-979 

26 

5-185 

6-222 

7-259 

8-296 

27 

5-384 

6-460 

7-537 

8-614 

28 

5-582 

6-699 

7-815 

8-931 

29 

5-781 

6-937 

8-093 

9-249 

30 

5-979 

7-175 

8-371 

9-567 

31 

6-178 

7-413 

8-649 

9-885 

32 

6-376 

7-652 

8-9-27 

10-202 

33 

6-575 

7-890 

9-205 

10-520 

34 

6-774 

8-128 

9-483 

10-838 

5-411 

5-  767 

6-  122 
6-479 

6-  835 

7-  192 
7-548 

7-  905 

8-  262 
8-619 

8-  976 

9-  333 
9-691 

10-048 
10-405 

10-  763 

11-  120 
11-478 

11-  835 

12-  193 


6-012 
6-407 

6-  8U3 

7-  198 
7-594 

7-  991 

8-  387 

8-  783 

9-  180 
9-577 
9-973 

10-370 

10-  767 

11-  164 
11-561 

11-  958 

12-  356 

12-  753 

13-  150 
13-547 


7-215 

7-  689 

8-  163 

8-  638 

9-  113 
9-589 

10.064 

10-  540 

11-  016 
11-492 

11-  968 

12-  444 

12-  921 

13-  397 

13-  874 

14-  350 

14-  8-27 

15-  303 

15-  780 

16-  257 


:propoetional 
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No.  of 
teeth. 

1/6 

1% 

2 

2J< 

2% 

3 

35 

6-972 

8-367 

9-761 

11-156 

12-550 

13-945 

16-734 

3G 

7-171 

8-G05 

10-040 

11-474 

12-908 

14-342 

17-211 

37 

7-370 

8-844 

10-318 

11-972 

13-206 

14-740 

17-688 

3S 

7-5G9 

9-082 

10-593 

12-110 

13-623 

15-137 

18-164 

•3d 

7-7G7 

9-321 

10-874 

12-428 

13-981 

15-534 

18-641 

40 

7-9v38 

9-559 

11-152 

12-746 

14-339 

15-932 

19-118 

41 

8-165 

9-798 

11-431 

13004 

14-696 

lG-3-9 

19-595 

42 

8-3G3 

10-033 

11-709 

13-382 

15-054 

16-7-27 

20-072 

45 

e-5G2 

10-275 

11-987 

13-700 

15-412 

17-124 

20-549 

44 

8-761 

10-513 

12-285 

14-018 

15-770 

17-5-22 

21-026 

45 

8-9G0 

10-752 

12  544 

14-336 

16-128 

17-920 

21-503 

4G 

9-159 

10-9D0 

12-822 

14-654 

16-485 

18-317 

21-981 

47 

9-357 

11-229 

13-100 

14-972 

16-843 

18-715 

22-458 

48 

9-556 

11-4G7 

13-379 

15-290 

17-201 

19-112 

22-935 

49 

9-755 

11-706 

13-657 

15-608 

17-559 

19-510 

23-412 

50 

9-954 

11-945 

13  935 

15-926 

17-917 

19-9C'8 

23-889 

51 

10-153 

12-183 

14-214 

16-244 

18-275 

20-305 

24-306 

52 

10-351 

12-422 

14-492 

16-562 

18-633 

20-703 

24-843 

53 

10  550 

12-630 

14-770 

16-880 

18-990 

21100 

25:320 

54 

10-749 

12-899 

15-049 

17-198 

19-348 

21-498 

25-798 

55 

10-948 

13-137 

15-327 

17-517 

19-703 

21-896 

26-275 

5G 

11-147 

13-376 

15-605 

17-835 

20  064 

22-293 

26-752 

57 

11-346 

13-615 

15-884 

l8-ir.3 

20-4-22 

22-691 

27-229 

58 

11-544 

13-853 

16-162 

18-471 

20-780 

23-089 

27-706 

59 

11-743 

14-092 

16-441 

18-789 

21-138 

23-486 

28-184 

GO 

11-942 

14-330 

16-719 

19-107 

21-496 

23-884 

28-661 

61 

12-141 

14-569 

16-997 

19-4-25 

21-854 

24-282 

29-138 

62 

12-340 

14-808 

17-276 

19-744 

22-212 

24-680 

29-615 

63 

12-539 

15-04G 

17-554 

20  032 

22-570 

25-077 

30-093 

64 

12-738 

15-285 

17-833 

20-380 

22-928 

25-475 

30-570 

65 

12-936 

15-524 

18111 

20-G98 

23-285 

25-873 

31-047 

66 

13-135 

15-762 

18-389 

21-016 

23-643 

26-270 

31-525 

67 

13-334 

16-001 

18-668 

21-335 

24-001 

26-668 

32-002 

68 

13-533 

16-240 

18-946 

21-653 

24-359 

27-0G6 

32-479 

69 

13-732 

16-478 

19-225 

21-971 

24-717 

27-464 

32-956 

70 

13-931 

16-717 

19-503 

22-289 

25-075 

27-861 

33-434 

71 

14-130 

16-956 

19781 

22-607 

25-4:i3 

28  259 

33-911 

72 

14-328 

17-194 

20-060 

22-926 

25-791 

28-657 

34-388 

73 

14-527 

17-433 

20-338 

38-244 

26-149 

29-055 

34-866 

74 

14-726 

17-671 

20-617 

23-562 

26-507 

29-452 

35-343 

75 

14-925 

17-910 

20-895 

23-880 

26-865 

29-850 

35-820 

76 

15-1-24 

18149 

21-174 

24-198 

27-223 

30-248 

36-298 

77 

15-323 

18-387 

21-452 

24-517 

27-581 

30-646 

36-775 

78 

15-522 

18-626 

21-731 

24-835 

27-939 

31  044 

37-252 

79 

15-721 

18-835 

22-009 

25-153 

28-297 

31-441 

37-730 

80 

15-9i0 

19-103 

22-287 

25-471 

28-655 

31-839 

38-207 

81 

16118 

19-342 

22-566 

25-790 

29013 

32-237 

38-684 

82 

16-317 

19-581 

22-844 

26-108 

29-371 

32.635 

39-162 

516 


PROPOETIONiJL 


RADn 


OF  WKEELg. 


STo.  of 
&ctU. 

1J< 

1^ 

1^ 

2 

2^ 

2K 

3 

•  

63 

16-516 

19-820 

23-123 

26-4-26 

■29-729 

33-033 

39-639 

B4 

16-715 

20-058 

23-401 

26-744 

30-087 

33-430 

40-116 

65 

16-914 

20-297 

23-680 

27-063 

30-445 

33-828 

40-r,94 

88 

17113 

20-536 

23-958 

27-381 

30-803 

34-226 

41-071 

87 

17-312 

20-774 

24-237 

27-699 

31-161 

34-624 

41-548 

88 

17-511 

21-013 

24-515 

28-017 

31-519 

35-0J2 

42-026 

89 

17-710 

21-252 

24-794 

28-335 

31-877 

35-419 

42-503 

90 

17-909 

21-490 

25-072 

28-654 

32-235 

35-817 

42-981 

91 

18-107 

21-729 

25-350 

23-972 

32-:  93 

36215 

43-458 

93 

18-306 

21-968 

25-6-29 

29-290 

32-952 

38-613 

43-935 

93 

18-505 

22-206 

25-907 

29-608 

33-309 

37  011 

44-413 

94 

18-704 

22-445 

26-186 

29-927 

3J-GJ3 

37-408 

44-890 

95 

18-903 

22-684 

26-464 

30-245 

34-0J6 

37-806 

45-367 

93 

19- 102 

22-922 

26-743 

30-563 

34-384 

33-204 

45-845 

97 

19-301 

23-161 

27-021 

30-881 

34-742 

38-602 

46-322 

96 

19-500 

23-403 

27-300 

31-200 

35-100 

39-000 

48-800 

99 

19-699 

23-638 

27-578 

31-518 

35-458 

39-397 

47-277 

100 

19-898 

23-877 

27-857 

31-836 

35-816 

39-795 

47-754 

101 

20-097 

24-116 

28-135 

32-155 

36-174 

40-193 

48-232 

102 

20-295 

24-355 

28-414 

32-473 

36-532 

40-591 

48-709 

103 

20-494 

24-593 

28-692 

32-791 

36-890 

40-989 

49-187 

104 

20-693 

24-832 

28-971 

33-109 

37-248 

41-387 

49-664 

105 

20-892 

25-071 

29-249 

33-428 

37-606 

41-784 

50-141 

lOG 

21-091 

25-309 

29-528 

33-746 

37-984 

42-182 

50-619 

107 

21-290 

25-548 

29-806 

34-064 

38-322 

42-580 

51-096 

108 

21-489 

25-787 

30-084 

34-382 

38-680 

42-978 

51-573 

109 

21-688 

26025 

30-363 

34-701 

39-038 

43-376 

52-051 

110 

21-887 

26-264 

30-641 

35-019 

39-396 

43-774 

52-528 

111 

22-086 

26-503 

30-920 

35-337 

39-754 

44-171 

53006 

112 

22-285 

26-742 

31-198 

35-655 

40-112 

44-569 

53-483 

113 

22-484 

26-980 

31-477 

35-974 

40-470 

44-967 

53-960 

114 

22-682 

27-219 

31-755 

36-292 

40-828 

45-365 

54-438 

115 

22-881 

27-458 

32-034 

36-610 

41-186 

45-763 

54-915 

116 

23-080 

27-696 

32-312 

36-928 

41-544 

46.161 

55-393 

117 

23-279 

27-935 

32-591 

37-247 

41-903 

46-558 

55-870 

118 

23-478 

28-174 

32-869 

37-565 

42-261 

46-956 

56-347 

119 

23-677 

28-412 

33-148 

37-883 

42-619 

47-354 

56-825 

120 

23-876 

28-651 

33-426 

38-202 

42-977 

47-752 

57-302 

121 

24-075 

28-890 

33-705 

38-520 

43-335 

48-150 

57-780 

122 

24-274 

29-129 

33-983 

38-838 

43-693 

48-548 

58-257 

123 

24-473 

29-367 

34-262 

39-156 

44-051 

48-945 

58-735 

124 

24.672 

29-606 

34-540 

39-475 

44-409 

49-343 

59-212 

125 

24.871 

29-845 

34-819 

39-793 

44-767 

49-741 

59-690 

126 

25-070 

30-083 

35-097 

40-111 

45-125 

50-139 

60-167 

127 

25-268 

30-3-22 

35-376 

40-429 

45-483 

50-537 

60-644 

128 

25-467 

30-561 

35-654 

40-748 

45-841 

50-935 

61-122 

J  29 

25-666 

30-800 

35-933 

41-066 

46-199 

51-333 

61-599 

130 

25-865 

31-038 

36-211 

41-334 

46-557 

51-730 

62-077 
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No.  of 
teeth. 

1/4 

1 1/ 

2 

01/ 

9I/C 

3 



131 

26-064 

31-277 

36-490 

41-703 

46-915 

52-128 

62-554 

132 

26-263 

31-516 

36-768 

4-2021 

47-274 

52-5-26 

63-031 

133 

26-462 

31-754 

37-047 

42-339 

47-632 

52-924 

63-509 

134 

26-661 

31-993 

37-325 

42-657 

47-990 

53-322 

63-986 

135 

26-860 

3.,-232 

37-604 

42-976 

48-348 

53-720 

64-464 

136 

27-059 

32-471 

37-882 

43-294 

48-706 

54-118 

64-941 

137 

27-258 

32-709 

38-161 

43-612 

49-064 

54-515 

65-418 

138 

27-457 

32-948 

38-439 

43-931 

49-422 

54-913 

65-896 

139 

27-656 

33-187 

38-718 

44-249 

49-780 

55-311 

66-373 

140 

27-855 

33-426 

38-996 

44-567 

50-138 

55-709 

66-851 

141 

28-053 

33-664 

39-275 

44-885 

50-496 

56-107 

67-3-28 

142 

28-252 

33-903 

39-553 

45-204 

50-854 

56-505 

67-806 

143 

28-451 

34141 

39-832 

45-522 

51-212 

56-902 

68-283 

144 

28-650 

34-380 

40-110 

45-840 

51-570 

57-3C0 

68-760 

145 

28-849 

34-619 

40-389 

46-159 

51-9-28 

57-698 

69-238 

146 

29-048 

34-858 

40-667 

46-477 

52-286 

58-096 

69-715 

147 

29-247 

35-096 

40-946 

46-795 

52-645 

58-494 

70-193 

148 

29-446 

35-335 

41-224 

47-113 

53-003 

58-892 

70-670 

149 

29-645 

35-574 

41-503 

47-432 

53-361 

59-290 

71-148 

150 

29-844 

35-813 

41-781 

47-750 

53-719 

59-687 

71-625 

151 

30-043 

36-051 

42-060 

48-068 

54-077 

60-085 

72-102 

152 

30-242 

36-290 

42-338 

48  387 

54-435 

60-483 

72-580 

153 

30-441 

36-529 

42-617 

48-705 

54-793 

60-881 

73-057 

154 

30-639 

36-767 

42-895 

49-023 

55-151 

61-279 

73-535 

155 

30-838 

37-006 

43-174 

49-341 

55-509 

61-677 

74-012 

156 

31037 

37-245 

43-452 

49-660 

55-867 

62-075 

74-490 

157 

31-236 

37-483 

43-731 

49-978 

56-225 

62-472 

74-967 

158 

31-435 

37-722 

44-009 

50-296 

56-583 

62-870 

75-444 

159 

31-634 

37-961 

44-288 

50-615 

56-941 

63-268 

75-9-22 

160 

31-833 

33-200 

44-566 

50-933 

57-299 

63-666 

76-399 

161 

32032 

38-438 

44-845 

51-251 

57-658 

64-064 

76-877 

162 

32-231 

38-677 

45-1-23 

51-569 

58-016 

64-462 

77-354 

163 

32-430 

38-916 

45-402 

51-888 

58-374 

64-8C0 

77-832 

164 

32-6-29 

39-155 

45-680 

52-206 

58-732 

65-258 

78-309 

165 

32-828 

39-393 

45-959 

52-524 

59-090 

65-655 

78-786 

166 

33-027 

39-632 

46-237 

52-843 

59-448 

66-053 

79-264 

167 

33  226 

39-871 

46-516 

53-161 

59-806 

66-451 

79-741 

168 

33-425 

40-109 

46-794 

53-479 

60-164 

66-849 

80-219 

169 

33-623 

40-348 

47-073 

53-797 

60-522 

67-247 

80-696 

170 

33-822 

40-587 

47-351 

54-116 

60-880 

67-645 

81-174 

171 

34-021 

40-826 

47-630 

54-434 

61-238 

68-043 

81-651 

172 

34-220 

41-064 

47-908 

54-752 

61-596 

68-440 

82-129 

173 

34-419 

41-303 

48-187 

55-071 

61-954 

68-838 

82-606 

174 

34-618 

41-542 

48-465 

55-389 

62-313 

69-236 

83-083 

175 

34-817 

41-780 

48-744 

55-707 

62-671 

69-634 

83-561 

176 

35-016 

42-019 

49-022 

56-026 

63-029 

70-032 

84-038 

177 

35-215 

42-258 

49-301 

56-344 

63  387 

70-430 

84-516 

178 

35-414 

42-497 

49-579 

56-662 

63-745 

70-828 

84-993 
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lo  iiXO 

50-415 

4o  4ol 

50 '693 
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4o  oyu 

50-972 

JLO^ 

qii'f^o? 

4o  y^y 

ol-2o0 

xoo 

qii.jjflfi 
oO  oUD 

44  loo 

51-529 

186 

O/  Ul/O 

44  41/0 

51-807 
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A  I  .^/( 
44  04O 

52-086 

188 

q7.,inq 

44  oo4 

52-364 
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/ir.i  oq 
40  14o 
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O/i  1)43 

XJV 

oi  oUl 

40  OOl 

5'2-9i'l 

x^x 

4o  ouu 

53-;;  00 

40  oo  j 

53-478 

XVO 

q*i-q(.i>j 

OO  ovo 

40  \)i  i 

53-/57 

Xi?^ 

OO  O  Ji 

^/*,qi  £» 
40  oiO 

54-035 

Xl70 

OO  /yo 

46-555 

54-314 

OO  yyo 
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40  /y4 

54-593 

qo- 1  o  1 
ov  iy4 

47-032 

54-871 

10<i 

XJO 
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Hi  Zi  I 

55-150 
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/I7,r  i  rv 
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55-428 
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51-091 

5>606 
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43-172 
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60-441 
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43-371 
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53-239 
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62-669 
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68-439 

76-994 

85-549 

102-659 

68-757 

77-352 

85-947 

103-136 

69-076 

77-710 

86-345 

103-614 

69-394 

78-068 

8G-743 

104-091 

69-712 

78-4-26 

87-140 

104-568 

70-031 

78-784 

87-538 

105-046 

70-349 

79-143 

87-936 

105-523 

70-667 

79-501 

88-334 

106-001 

70-936 

79-859 

88-732 

106-478 

71-304 

80-217 

89-130 

106-956 

71-622 

80-575 

89-528 

107-433 

71-940 

80-93.J 

89-928 

107-911 
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IK 


1% 


45162 
45-361 
45-560 
45-759 

45-  957 

46-  156 
46-355 
46-554 
46-753 

46-  952 

47-  151 
47-350 
47-549 
47-748 

47-  947 

48-  146 
48-345 
48-544 
48-743 

48-  942 

49-  140 
49-339 
49-538 
49-737 

49-  936 

50-  135 
50-334 
r  0-533 
50-732 

50-  931 

51-  130 
51-329 
51-528 
51-727 

51-  926 

52-  125 
52-323 
52-522 

52-  721 
52  920 

53-  119 
53-318 
53-517 
53-716 

53-  915 

54-  114 
54-313 
54-512 


54-194 
54-433 
54-672 

54-  910 

55-  149 
55-388 
55-626 

55-  865 

56-  104 
56-343 
56-581 

56-  820 

57-  059 
57-297 
57-536 

57-  775 

58-  014 
58-252 
58-491 
58-730 

58-  969 

59-  207 
59-446 
59-685 

59-  923 

60-  162 
60-401 
60-640 

60-  878 

61-  117 
61-356 
61-595 

61-  833 

62-  072 
62-311 
62-549 

62-  788 

63-  027 
63-266 
63.504 
63-743 

63-  982 

64-  221 
64-459 
64-698 

64-  937 

65-  175 
65-414 


63-226 
63-505 

63-  783 

64-  062 
64-340 
64-619 

64-  897 

65-  176 
65-454 

65-  733 

66-  012 
66-290 
66-569 

66-  847 

67-  126 
67-404 
67-683 

67-  961 

68-  240 

68-  518 
6^-797 

69-  075 
69-354 
69-632 

69-  911 

70-  189 
70-468 

70-  746 

71-  025 
71-303 
71-582 

71-  860 

72-  139 
72-417 
72-696 

72-  974 

73-  253 
73-531 

73-  810 

74-  088 
74-367 
74-645 

74-  924 

75-  202 
75-481 

75-  760 
70-038 

76-  317 
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2J4 

01/ 
1/2 
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72-259 

81-291 

90-323 

108-388 

72-577 

81-649 

90-721 

108-866 

72-895 

82-007 

91-119 

109-343 

73-214 

82-365 

91-517 

109-820 

73-532 

82-723 

91-915 

110-298 

73-850 

83-082 

92-313 

110-775 

74-169 

83-440 

92-711 

111-253 

74-487 

83-798 

93-109 

111-780 

74-805 

84-156 

93-506 

112-208 

75-123 

84-514 

93-904 

11-2-685 

75-442 

84-872 

94-302 

113-163 

75-760 

85-230 

94-700 

113-640 

76-078 

85-588 

95-098 

114-117 

76-397 

85-946 

95-496 

114-595 

76-715 

86-304 

95-894 

115-072 

77-033 

86-662 

96-292 

115-550 

77-352 

87-020 

96-689 

116-0-27 

77-670 

87-379 

97-087 

116-505 

7/ -988 

87-737 

97-485 

116-982 

78-306 

88-095 

97-883 

117-460 

78-625 

88-453 

98-281 

117-937 

78-943 

88-811 

98-679 

118-415 

79-261 

89-169 

99-077 

118-892 

79-580 

89-527 

99-475 

119-369 

79-898 

89-885 

99-872 

119-847 

80-216 

90-243 

100-270 

120-324 

80-535 

90-601 

100-668 

1-20-802 

80-853 

90-959 

101-066 

121-279 

81-171 

91-318 

101-464 

121-757 

81-489 

91-676 

101-862 

122-234 

81-808 

92034 

102-260 

122-712 

82-126 

92-392 

102-658 

123-189 

82-444 

92-750 

103-055 

123-667 

82-763 

93-108 

103-453 

1-24-144 

83-081 

93-466 

103-851 

124-621 

83-399 

93-824 

104-249 

125-099 

83-718 

94-182 

104-647 

125-576 

84-036 

94-540 

105-045 

1-26-054 

84-354 

94-898 

105-443 

120-531 

84-673 

95-257 

105-841 

127-009 

84-991 

95-615 

106-239 

127-480 

85-309 

95-973 

106-636 

1-37 -9!i4 

85-627 

96-331 

107  034 

1-28-441 

85-946 

96-689 

107-432 

1-28-919 

86-264 

97-047 

107-830 

1-29-396 

86-582 

97-405 

108-228 

129-873 

86-901 

97-763 

108-6-26 

130-351 

87-219 

98-121 

1 

109-0-24 

130-828 
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80-216 
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57-695 

69-234 

80-773 

92-312 

103-851 

115-390 

138-468 
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57-894 

69-473 

81-051 

92-630 

104-209 

115-788 

138-945 

292 

58-093 

69-711 

81-330 

92-948 

104-567 

116-185 

139-423 

293 

58-292 

69-950 

81-608 

93-267 

104-925 

116-583 

139-900 

294 

58-491 

70-189 

81-887 

93-585 

105-283 

116-981 

140-377 

295 

58-690 

70-427 

8-2-165 

93-903 

105-641 

117-379 

140-855 

296 

58-888 

70-666 

8-2-444 

94-222 

105-999 

117-777 

141-333 

297 

59-087 

70-905 

82-722 

94-540 

106-357 

118-175 

141-810 
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59-286 

71-144 

83-001 

94-858 

106-715 
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142-287 

299 

59-485 

71-382 

83-279 

95-177 
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118-971 

142-765 

300 

59-684 

71-621 

83-558 

95-495 

107-432 

119-369 

143-242 
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AAiustable  gages,  38,41,42,43,49 
Adiiibtablo  liand  rest,  53, 50 

plane  for  curves,  28,32 
Adjusting  toevel  square,  38 

B 

Babbitt  metal,  bearing  for,  174, 175, 176 
Bearing  castings,  shape  of,  172 
Bearing  for  Babbitt  metal,  174,175,176 
Bearing  castings,  contraction 

of,  '  ^ 

Bcncb  stop,  .  1G6 

Bencli  lor  pattern  matong,  166 
Bencb  booli, 

Bevel  gago  setting,  117 
Bevel  gear  wlieels,  206  to  213 

Bevel  pinion,  20G 
Bevel  wbeel,  buildmg  up,  211 
Bevel  square,  38 
Boiler,  how  to  sweep  up  a,  193 
Boiler,  or  pan,  mold  for,  193 
Building  pulley  patterns,     133  to  142 

O 

Calipers,  ^.     .       ,.      .  j-^ 

Castings,  contraction  in  cooling  of,  99 
Cement  chuck,  65 
Cement,  mixture  of,  65 
Center  plates,  of 
Chisel  handles,  sliape  of,  34 
Chisel,  paring.  33 
Chisel  Bharpemng,  |5 
Chuck  cement,  6o 
Chucking  contrivances,  57 
Chuck  for  thin  work,  65 
Chuck,  methods  of  making,  59  to  63 
.Chuck  screw,  64 
Chuck  wood  faced,  69 
Cog  teeth  for  gear  wheels,  225  to  233 
Column  patterns,  blocks  for,  178 
cores  for,  181, 182, 183 
««  "       ornaments  for,  181 

<«  "      how  to  make,  180 

"  "      round,      184  to  183 

Column  patterns,  square,  178 
Compasses,        ,  , 

"  pencil  attachment  for,  40 
Compass  plane,  .  27 

Contraction  of  brass  castings,,  1(2 
Conversion  of  English  inches  into 
centimetres,  265 

14* 


Conversion  of  centimetres  into 
English  inches,  266 

Conversion  of  metres  into  English 
feet,  ^  .  ,  266 

Conversion  of  English  feet  into 
metres,  26S 

Conversion   of   Frencli  square 
measure  into  English,  267 

Conversion  of  French  cubic  meas- 
ure into  English,  267 

Conversion  of  French  lineal  meas- 
ure into  English,  267 

Cope  of  foundry  flask,  74 

Cores,  use  of,  82 
"  kinds  of,  83 
"  for  globe  valve,  162,  163,  164, 165 

Core  boxes,    82,  83,  84,  85,  86,  87,  88,  89 
"  boxes  for  T  patterns,  130 
"  boxes  for  pipe  bends  or  T's,  146, 
147, 148, 149 

Core  box  plane,  30 
Cores  for  pipe  work,  90 
"  sweeping  for  pipe  bends,  149, 150 


D 

Decimal  equivalents  for  avoirdu- 
pois weiglit, 

Decimal  equivalents  for  cubic 
measure,  . 

Decimal  equivalents  for  inches 
and  fractious,  300, 

Decimal  equivalents  for  long 
measure. 

Decimal  equivalents  for  square 
measure, 

Decimal  equivalents  for  troy 
weight. 

Diametral  pitch. 

Diameters,  circumferences,  areas, 
etc.,  of  circles,  274  to 

Diameters,  areas,  etc.  of  circles 
and  contents  in  gallons,  at  one 
foot  in  length  or  depth,      297  to 

Dog  for  holding  work, 

Dovetailed  joints. 

Dovetailing  pinion  teeth, 

B 

Endless  screw,  to  cut  in  the  lathe, 

213,  214, 215 

"       "     to  cut  by  hand,  216  to 
218 


263 

261 

301 

263 

261 

268 
270 

283 


299 
110 
167 
200 
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Face  lathes,  61,  235, 23G 

Face  plato,  5d 
Flasks  I'or  molding,  Hi,  75,  7G 

Fly  wliocls,  calculating  weight  of,  213 
Foro  plane,  how  to  use,  24 
Foun:lry  llooi-,  73 
Fouudi-y  operations,  73  to  87,  and 
193  to  193 

Fork  center,  57 
O- 

Gago  hexagon,  110 
Gages  lor  sawing  out  cog  teeth,  227, 
228,  229,  230,  231, 232 
Gages,  41,  42,  43 

Gage,  adjustable,  49 
G  ear  wheel  teeth,  marking  out,     201 , 
202, 203,  204 

Gear  "wheel  teeth  cutting  out,  204 
"       "       "    frame  for,  204 
"       "       "    adjusting  and 
fastening,  205 
Gear  wheels,  hevel,  206  to  ■.  j3 

Gear  worm  screw,  pattern  for,  213,  214 
Gear  wheel  patterns,  construc- 
tion of,  199  to  213 
Gear  wheel  patterns  made  in  sec- 
tions, 205 
Gear  wheel  patterns,  solid  pin- 
ions, 200 
Gear  wheel  patterns,  turning,  200 
Gear  wheel  pinions,  dividing  olF,  200 
Gear  wheel  patterns,  how  to 

malco,  199  to  213 

Gear  worm  screw,  cutting  in  the 

lathe,  214, 215 

Gear  worm  screw,  cutting  hy 

hand,  216,  217,  218 

Gear  wheel  teeth,  scale  for,  218 
Gear  wheel  teeth,  how  to  use  scale 

for,  219,  220 

Gear  wheels,  patterns  for,  199, 
Gear  wheel  patterns,  wood  for,  200 
Gear  wheels,  cog  teeth  for,  225  to  233 
Gland  patterns,  how  to  make,  99  to 
111,  and  115  to  118 
Gland  patterns,  kinds  of,  92  to  98 
Globe  valve,  158  to  1C5 

Gluing  end  wood,  123 
Gluing  segments,  137, 138 

Glue  pot,  243 
Gluing  wheel  teeth,  205 
Gouge  turning,  60 
Gouge,  grinding  a,  30 
Gouge,  concave  and  convex,  30 
Gouge,  how  to  hold,  66 


H 

Half  lap  joint,  168 
Hand  rest,  fastening.       50,  51, 62,  53 
"      "    movable  tripod,  eg 
Hexagon  brasses,  bevels  of,     172, 173 


Hexagon  gage,  lie 

Holding  dog,  IK 

Holding  turning  gage,  60,  c; 

"      skew  chisel,  o; 

Holes,  marking,  for  pegging,  lot 


Jack  plane,  how  to  use, 
Jig  saw,  237,  238,  239 

Joint,  half  lap,  1G8 
Jointing  spokes,  140, 141 

Juiuts,  tenon  and  mortise,  107 
Journal,  brass  limits  on  patterns 
for,  99, 172, 173 


Lathe  for  pattern  work,  50 
Lathes  lor  facing,  63 
Lathe,  fastening  rest  upon,  50, 51,52, 53 
Lathe,  cone  pulley  of,  55 
Lathe  rest,  adjustable  or  movable,  50 
Lathe,  tailstock  of,  56 
"  running  head  of,  53 
"  tools,  60,  67,  08,  69,  70,  71,  72 
Lagging  or  staving,  190 
Loam  work,  193 

]VE 

Mallet,  47 
Marking  pin  or  peg  holes,  114 
Mitiebox,  160,109 
Mitre  joint,  109 
Mixtures  of  metals,  250 
Mixing  varnisli,  112 
Molds,  con^tructitm  of,  73  to  81 

Molding  with  sections  of  pat- 
terns, 222,  223,  224 
Molding  boards  for  thin  work,  189 
"      cores  for  colunnis,      191, 192 
"      cored  gland  pattern,  94 
"      cylinders  by  sweeps,  109 
"      by  section  patterns,  221-224 
"      cores  for  pipe  bends,  149, 150 
"      iHilleys,  132 
Mortise  and  tenon  joint,  109 

o 

Oilstones  use  of,  23 

Oilstones  truing,  48 

Oilstones  kinds  of,  47 


Paring  chisel,  33 
Parallel  strip,  40 
Patterns  for  Babbitted  boxes,   174  to 

17- 

"        bearing  boxes,  t 
"        bevel  gears,      200  to  21.^ 
"        bevel  pinions,  210,211 
"        branch  pipes,  126 
"         columns,  178  to  184 

"  cylinders,  197 
"        glands,  93 
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Patterns  for  gear  wheels,    loa  to  207, 
and  225  to  2U 
"        globe  valves,    158  to  ]  62 
"         pulleys,    132, 133,  134,  135 
pillar  block,         170, 174 
"        pipe  bends,  143 
T's  120 
"        -wmdow  sill, 
"        -worm  screw,     213  to  217 
Patterns,  sweep, 

Patterns,  loosening  in  the  mould,  100 
Pattern,  varulsliing,  112 
Pegs  or  pins,  107,  108,  109 

Peg  or  pin,  making  tool,  108 
Peg,  shape  of,  109 
Pitch,  diametral,  270 
Pin  or  peg  holes,  marking,  114 
Planes,  20  to  32 

Plane  iron  grinding,  20, 21 

Planing  macliine,  242 
Pulleys,  patterns  for,  132,  221 

Pulleys,  molding  la  sections,  222 

Rabbit  planes,  29 
Kapping  patterns,             78, 100, 101 

Pouter  plane,  28 

liubbers  for  sand-paper,  105 
Rule  to  calculate  thickness  of 

cylinders  and  pipes,  248 
Rulf  to  calculate  cylinders  for 

hydraulic  presses,  249 
Rules  to  calculate  weight  of  fly- 
wheel, 249 


S 

Sand-papering, 
Saw,  band. 
Saw,  circular, 
Saw,  jig, 
Scribor, 
Screw-driver, 
Screw  chuck. 
Section  patterns. 
Section  molding. 
Shape  of  chisel  handles, 
Shrinkage  in  castings, 
"  bars, 


104, 105 
240 
241 

237,  238,  239 
117 
47 

58 
222 

222,  223, "224 
34 
244 
245 

"  cylinders,  244 
"  disks,  245 
"  general  laws  of,  24G,  247 

"         globes,  244 
"        jour  lal  brasses,  245 
"         ribs  on  plates,  247 
"         table  of,  245 
"         tubes,  246 
*'         U-shapcd  castinps,  24G 
"         wedge-shaped  cast- 
ings, 246 
Shooting  board,  137 
Skew  chisel,  how  to  use,  03,  69 

Staving  or  lagging,  151  to  157 

Snap  flask,  70 
Spindle  for  sweep  work,  13U 


Spokes,  jointing,  140, 141 

Square,  37 
Steam  cylinders,  sweeping  up,  19( 
Strength  of  cylinders,  rules  to  cal- 
culate the,  248, 24!' 
Swept  cores,  149, 15(i 
Sweep  and  loam  work,  lO.'i 
Sweep,  operation  of,    193, 104, 195, 196 


Tables  of  weight,  avoirdupois 

weight,  262 
Tables  of  weight,  troy  weight,  262 
"  "       of  water,  de- 

cimal equi\alents  for,  269 
Tables  of  the  weight  of  cast  iron 

bars,  25G 
Tables  of  the  weight  of  cast  iron 

cylinders,  254 
Tables  of  the  weight  of  cast  metals,  25i 
"  "         "  iron 

pipes,  252, 253 

Tables  of  the  weight  of  cast  iron 

and  lead  balls,  .  254 

Tables  of  the  weight  of  copper 

bolts,  252 
Tables  of  the  weight  of  flat  cast 

iron,  255 
Tables  of  the  weight  of  various 

kinds  of  wire,  257 
Tables  of  the  weight  of  nails 

and  spikes,  254 
Tables  of  tlio  weight  of  water 

in  decimal  equivalents,  269 
Tables  of  the  weight  of  water 

in  pipes,  259 
Tables  of  the  weight  of  water 

at  dift'erent  temperatures,  269 
Tables  of  the  weight  of  various 

substances,  256 
Tables  of  the  weight  of  ropes 

and  chains,  255 
Tables  of-  the  weight  of  timber,  251 
"  "  patterns 

and  castings,  251 
Tables  of  the  weight  of  metal 

plates  per  square  foot,  258 
Tables  of  Measiu-e : 

Ale  and  beer  measure,  263 
American  and  English  meas 

urcs,  261 
Comparative  measures  of 

length,  260 
Clotli  measure,  26(i 
Dry  nu^asuro,  2C1 
Foreign  measures  of  length 

compared  with  U.  S.,  261 
Laud  measure,  260 
Mciisurcsof  length,  2fi() 
Misfcllaiieous  measures,  261 
Nautical  measure,  260 
Pendulums,  260 
Solid  or  cubic  measure,  261 
Square  measure,  261 
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Tables  of  Measure.— Continued : 


Timber  measure,  302 

Wine  measure,  263 
Table  of  the  sizes  of  drawing 

pai>er,  271 


Table  of  the  sizes  of  tracing  paper,  271 
"  "       iron  ■washers,  273 

"  "       penny  nails,  271 

"  "       taps  for  ma- 

chine screws,  272 
Table  of  the  sizes  of  tapping 

holes  for  pipe  taps,  272 
Table  of  the  sizes  of  sheet  iron 

and  zinc,  271 
Table  of  the  sizes  of  wire  rope,  273 
"     diameters  and  number 
of  teeth  in  wheels  of  various 
pitches,  308  to  320 

Table  of  mixtures  of  metals,  250 
"      melting  points  of  metals,  250 
"      squares,  cubes,  square 
roots,  cube  roots,  etc.,  of  num- 
bers, 284  to  296 
Table  of  diameters,  areas  and 

circumferences  of  circles,  274  to  283 
Table  of  scantling  and  timber 

measure,  302  to  306 

Table  of  natural  sines,  307 
"     decimal  equivalents,    265  to 
269,  and  300,  301 
T  pattern,  121 
T  pattern,  core  boxes  for,  130 
T  pattern,  how  to  make,      121  to  129 
T  pattern,  skew,  126 
Thickness  for  cylinders,  248 
"        "  pipes,  248 
"        "  hydraulic  press, 

cylinders,  249 
Thin  patterns,  189 
Timber  drying,  17 
Timber,  selection  of,  15,  16 

Teeth,  dovetailed,  212 
Teeth  of  gearwheels,howtomal£e,  200 
to  210 

Tools,  bevel  squares,  "  38 
"  block  plane,  32 
"   boring,  va 


Tools,  chisels,  33, 34, 68, 69, 70,  7* 

"  compasses,  39 

"  compass  plane,              27, 32 

"  core  box  plane,               30,  31 

"  fore  plane,  24 

"  for  cutting  endless  screws 

or  worms,        214, 215,  216 

"  gages,            36,  41,  42,  43,  49,  50 

"  gouges,                33,  34,  35,  66,  07 

"  jack  plane,                     20,  24 

"  jointer  plane,  32,33 

"  machine,                  234  to  242 

"  parallel  strips,  46 

"  plane  blades,  20 

"  rabbet  plane,  29 

"  router  plane,  28 

"  smoothing  plane,  32 

"  square,  37 

"  trammels,                      44, 45 

"  trammel  gage  for  T's,  125 

"  tool  for  pin  making,  108 

"  turning,  71 

Tripod  hand-rest,  56 

XT 

Useful  numbers  in  calculating 
useful  weights  and  measures,  264 

V 

Varnish,  pot  for,  112 

"      colors  of,  113 

"     application  of,  114 

w 

Wheels,  making  teeth  for,  199  to  213, 
and  225  to  233 
Wheel  teeth  dovetailed,  advan- 
tages of,  210 
Window  sill,  molding  block  for,  189 
Window  sill,  pattern  for,  189 
Wire  edge  of  tools,  23 
Wood,  facing  chuck,  69 
Wood,  selecting,  15 
Wood,  shrinkage  of,  18 
Wood,  storage  of,  16 
Wood,  -vrarpmg  17 
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Sixth  Edition.  8vo.  Cloth.  $3.00. 
Application  of  the  Slide  Valve  and  Link  Motion  to  Stationarj 
Portable,  Locomotive  and  Marine  Engines.  By  William  S.  Auchin 
CLOSS.  Designed  as  a  hand-book  for  Mechanical  Engineers.  Dimen 
sions  of  the  valve  are  found  by  means  of  a  Printed  Scale,  and  propoi 
tious  of  the  link  determined  without  the  assistance  of  a  model.  Wit 
37  wood-cuts  and  21  lithographic  plates,  with  copperplate  engraving  o 
the  Travel  Scale. 


Bacon's  Steam-Engine  Indicator. 

12mo.    Cloth.    $1.00   Mor.  $1.50, 

A  Treatise  on  the  Richards  Steam-Engine  Indicator, — wit) 
directions  for  its  use.  By  Charles  T.  Porter.  Revised,  with  notf 
and  large  additions  as  developed  by  American  Practice,  with  an  Ap 
peudix  containing  useful  formulae  and  rules  for  Engineers.  By  ¥.  W 
Bacon,  M.  E.,  Illustrated.    Second  Edition. 

Islierwood's  Engineering  Precedents. 

Two  Vols,  in  One.   8vo.   Cloth.  $2.50. 

Enginekrixg  Precedents  for  Steam  Machixkry. — By  B.  F  Isueb 
WOOD,  Chief  Engineer,  U.  S.  Xavy.     \Vitl)  illustratiuns. 
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slide  Valve  by  Eccentrics,  by  Prof.  C.  W.Mac- 
Cord. 

4to.  lUustrated.  Cloth,  $3.00 
A  Practical  Treatise  on  the  Slide  Valve  by  Eccentrics, — 
examining  by  methods  the  action  of  the  Eccentric  upon  the  Slida 
Valve,  and  explaining  the  practical  processes  of  laying  out  the  movements, 
adapting  the  valve  for  its  various  duties  in  the  steam-engine.  For  the 
US8  of  Engineers,  Draughtsmen,  Machinists,  and  Students  of  valve 
motions  in  general.  By  C.  W.  MacCoud,  A.  M.,  Professor  of 
Mechanical  Drawing,  Stevens'  Institute  of  Technology,  Hoboken,  N.  J . 


Stillman's  Steam-Engine  Indicator. 

12mo.  Cloth.  Sl.OO 

The  Steam-Engixe  Indicator, — and  the  Improved  Manometer  Steam 
I  and  Vacuum  (iauges  ;  their  utility  and  application.  By  Paul  Stili^ 
I   man.    New  edition. 


Porter's  Steam-Engine  Indicator. 

Tliird  Edition.    Revised  and  Enlarged.    8vo.    Illustrated.   Cloth.  $3.50. 
A  Treatise  on  the  Richards  Steam-Engine  Indicator, — and  the 
Development  and  Application  of  Force  in  the  Steam-Engine.  By 
Charles  T.  Porter. 


McOullocli's  Theory  of  Heat. 

8vo.  Cloth.  $3.50. 

>  Treatise  on  tiie  Mechanical  Theory  of  Heat,  and  its 
Applications  to  the  Steam-Engine.  ByProf.  R.  S.  McCulloch, 
of  the  Washington  and  Lee  University,  Lexington,  Va. 


Van  Bnren's  Formnlas. 

8to.    Cloth.  $2.00. 

Investigations  of  Formulas, — for  the  Strength  of  the  Iron  parts  ol 
Steam  Machinery.    By  J.  D.  Van  Buren,  Jr.,  C.  E.  Illustrated. 


Stuart's  Successful  Engineei*. 

ISmo.   Boards.  50  cents. 

How  TO  Become  a  Successful  Engineer.  Being  Hints  to  Youttis 
infpiidinq:  to  adopt  the  Profession.  By  Bernard  Stuart,  Engineer. 
Sixth  Ivlitiou 
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Stuart's  Naval  Dry  Docks. 

Twenty-four  angravings  on  steeL  Fourth  edition,   4to.  Cloth.  $6.00. 

The  Naval  Dry  Docks  of  the  United  States.  By  Charles  Bi 
Stuakt,  Engineer  in  Chief  U.  S.  Navy. 

Ward's  Steam  for  tlie  Million. 

8vo.   Cloth.  $1.00. 

Steam  for  the  Million.  A  Popular  Treatise  on  Steam  and  it| 
Application  to  the  Useful  Arts,  especially  to  Navigation.  By  J.  H. 
Ward,  Commander  U.  S.  Navy. 

Tunner  on  Roll-Turning. 

1  vol.  8vo.  and  1  vol.  folio  plates.  $10.00. 
A  Treatise  on  Roll-Turning  for  the  Manufacture  of  Iron, 
by  Peter  Tunner.    Translated  by  John  B.  Pearse,  of  the  Penn 
sylvania  Steel  Works.    With  numerous  wood-cuts,  8vo.,  together  witJ 
a  folio  atlas  of  10  lithographed  plates  of  Rolls,  Measurements,  &c. 

Grrnner  on  Steel. 

8vo.   Cloth.  $3.50. 

The  Manufacture  of  Steel.  By  M.  L.  Gruner  ;  translated  fron 
the  French.  By  Lenox  Smith,  A.M.,  E.M.  ;  with  an  Appendix  oi 
the  Bessemer  Process  in  the  United  States,  by  the  translator.  Illu» 
trated  by  lithogi-aphed  drawings  and  wood-cuts. 

Barba  on  the  Use  of  Steel. 

12mo,   Illustrated.   Cloth.  $1.50. 
Thk  Use  of  Steel  in  Construction.   Methods  of  Working,  Apply 
ing,  and  Testing  Plates  an  J  Bars.    By  J.  Barba,  Chief  Nava 
Constructor.    Translated  from  the  French,  with  a  Preface,  by  A.  h 

HOLLEY,  P.B. 

Bell  on  Iron  Smelting. 

8vo.   Cloth.  $6.00. 

Chemical  Phenomena  of  Iron  Smelting.    An  experimental  ane 
practical  examination  of  the  circumstances  which  determine  the 
capacity  of  the  Blast  Furnace,  the  Temperature  of  the  Air,  and  the! 
Proper  Condition  of  the  Materials  to  be  operated  upon.  Bj 
L  L-owTuiAX  Bkll. 
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'lie  Useful  Metals  and  their  Alloys ;  Scoffren, 
Trtiran,  and  otliers. 

Fifth  Edition.  8vo.  Half  calf .  $3.75. 
HE  Useful  Metals  and  their  Alloys,  employed  in  the  conver 
Bion  of  Iron,  Copper,  Tin,  Zinc,  Antimony,  and  Lead  Ores, 
with  their  applications  to  the  Industrial  Arts.  By  John  Scoj- 
FREN,  William  Truran,  William  Clay,  Robert  Oxland, 
William  Fairbairn,  W.  C.  Aitkin,  and  William  Vose  Pickett. 

Collins'  Usefal  Alloys. 

18mo.   Flexible.   50  cents. 
Fhe  Private  Book  of  Useful  Alloys  and  Memoranda  for  Gold, 
smiths,  Jewellers,  etc.   By  James  E.  Collins. 

Joynson's  Metal  Used  in  Constrnction. 

12mo.   Cloth.   75  cents. 
IThe  Metals  Used  in  Construction  :  Iron,  Steel,  Bessemer  Metal, 
I   etc.,  etc.   By  Francis  H.  JoYNSON.  Illustrated. 

Oodd's  Dictionary  of  Manufactures,  etc. 

12mo.   Cloth.  $1.50. 
Dictionary  of  Manufactures,  Mining,  Machinery,  and  thk 
Industrial  Arts.    By  George  Dodd. 

Von  Ootta's  Ore  Deposits. 

Svo.   Cloth.  $4.00. 

Tukatise  on  Ore  Deposits.  By  Bernhard  Von  Cotta,  Professor 
of  Geology  in  the  Royal  School  of  Mines,  Freidburg,  Saxony.  Tran^ 
lated  from  the  second  German  edition,  by  Frederick  Prime,  Jr., 
Mining  Engineer,  and  revised  by  the  author;  with  numerous  lUu* 

trations.  

Plattner's  Blow-Pipe  Analysis. 

Third  Edition.  Revised.  568  pages.  Svo.  Cloth.  $5.00. 
Plattner's  Manual  of  Qualitative  and  Quantitative  Analy- 
STS  with  the  Blow-Pipe.  From  the  last  German  edition,  Revised 
and  enlarged.  By  Prof.  Th.  Richter,  of  the  Royal  Saxon  Mining 
Academy.  Translated  by  Professor  H,  B.  Cornwall;  assisted  by 
John  II.  Caswell.  With  eighty-seven  wood-cuts  and  Lithographw 
Vnate. 
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Plympton's  Blow-Pipe  Analysis. 

12mo.    Cloth.  $1,50. 
The  Blow-Pipe:  A  Guide  to  its  Use  in  the  Determination  of  Salti 
and  Minerals.     Compiled  from  various  sources,   by  Geokge  W. 
Tlympton,  C.E.,  A.M.,  Professor  of  Physical  Science  in  the  Polytech" 
nic  Institute,  Brooklyn,  N.Y. 


Pynchon's  Clieiiiical  Pliysics. 

New  Edition.  Kevised  and  enlarged.  Crown  8vo.  Cloth.  $3.00. 
Introduction  to  Chemical  Physics  ;  Designed  for  the  Use  of 
Academies,  Colleges,  and  High  Schools.  Illustrated  with  numerous 
engravings,  and  containing  copious  experiments,  with  directions  for 
preparing  them.  By  Thomas  Ruggles  Pynchon,  M.A.,  President 
of  Trinity  College,  Hartford. 

Eliot  and  Storer's  Qualitative  Cliemical 
Analysis. 
New  Edition.   Revised.   12mo.   Illustrated.   Cloth.  $1.50. 
A  Compendious  Manual  of  Qualitative  Chemical  Analysis 
By  Charles  W.  Eliot  and  Frank  II.  Storer.    Revised,  with 
the  cooperation  of  the  Authors,  by  AVilliam  Ripley  Nichols, 
Professor  of  Chemistry  in  the  Massachusetts  Institute  of  Technology. 

Hammelsberg's  Chemical  Analysis. 

8vo.    Cloth.  $2.25. 

Guide  to  a  Course  of  Quantitative  Chemical  Analysis, 
Especially  of  Minerals  and  Furnace  Products.  Illustrated 
by  Examples.  By  C.  F.  Rammelsberg.  Translated  by  J.  Towleb, 
M.D. 

Naqnet's  Legal  Chemistry. 

Illustrated.  12mo.  Cloth.  $2.00. 
[lEGAL  Chemistry.  A  Guide  to  the  Detection  of  Poisons,  Falsi  fi<;a- 
tion  of  Writings,  Adulteration  of  Alimentary  and  Pharmaceutical 
Substances ;  Analysis  of  Ashes,  and  Examination  of  Hair,  Coins, 
Fire-arms,  and  Stains,  as  Applied  to  Chemical  Jurisprudence.  For 
the  Use  of  Chemists,  Physicians,  Lawyers,  Pharmacists,  and  Experts. 
Translated,  with  additions,  including  a  List  of  Books  and  Memoirs 
on  Toxicology,  etc.,  from  the  French  of  A.  Naquet.  By  J.  P. 
I^vttek-^ii Ai  I.,  Ph.  I).,  with  a  IVeface  by  C.  F.  Chandler,  Ph.  IX, 
M  U.,  LL.D 
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Prescott's  Proximate  Organic  Analysis. 

12mo.   Cloth.  $1.75. 

)dtline8  of  Proximate  Organic  Analysis,  for  the  Identification i 
Separation,  and  Quantitative  Determination  of  the  more  commonly- 
occurring  Organic  Compounds.  By  Albert  B.  Prescott,  Professor  \7 
of  Organic  and  Applied  Chemistry  in  the  University  of  Michigan. 

Prescott's  Alcoliolic  Liquors. 

12mo.  Cloth.  $1.50. 
Ihemical  Examination  of  Alcoholic  Liquors. — A  Manual  of  the 
G)nstituents  of  the  Distilled  Spirits  and  Fermented  Liquors  of  Com- 
merce, and  their  Qualitative  and  Quantitative  Determinations.  By 
Albert  B.  Prescott,  Professor  of  Organic  and  Applied  Chemistry 
in  the  University  of  Michigan. 

Pope's  Modern  Practice  of  tlie  Electric 
Telegraph.. 

Ninth  Edition.   8vo.   Cloth.  $2.00. 
^  Hand-book  for  Electricians  and  Operators.    By  Frank  L.  Pop« 
Ninth  edition.    Revised  and  enlarged,  and  fully  illustrated. 

\        Sabine's  History  of  the  Telegraph. 

Second  Edition.    12mo.    Cloth.  $1.25. 
History  and  Progress  of  the  Electric  Telegraph,  with  De- 
scriptions of  some  of  the  Apparatus.    By  Robert  Sabine,  C.E. 

Haskins'  Gralvanometer. 

Pocket  form.    Illustrated.    Morocco  $1.50. 
The  Galvanometer,  and  its  Uses; — A  Manual  for  Electricians 
and  Students.    By  C.  H.  Haskins. 
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^rescott  and.  Douglas's  Gtnalitative  Chemi- 
cal Analysis. 

Second  Edition.    Revised.    8vo.    Cloth.  $3.50. 
Guide  in  the  Practical  Study  of  Chemistry  and  in  the  "Work  of  Analysis. 


Larrabee's  Secret  Letter  and  Telegraph. 

18mo.    Cloth.  $1.00. 
Cipher  and  Secret  Letter  and  HrLEGRAPnic  Code,  with  Hogg't 
Improvements.    By  C.  S  Larrabkk. 
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Gillmore's  Limes  and  Cementa. 

Fifth  Edition.   Revised  and  Enlarged.   8to.   Cloth.  $4.00. 

Practical  Treatise  on  Limes,  Hydraulic  Cements,  and  Mok 
TARS.  By  Q.  A.  GiLLMORE,  Lt.-Col.  U.  S.  Corps  of  Engineers 
Brevet  Major-General  U.  S.  Army. 

Gillmore's  Coignet  Beton. 

Nine  Plates,  Views,  etc.   8vo.  Cloth.  $2.50. 

Coignet  Beton  and  Other  Artificial  Stone. — By  Q.  A.  Gill- 
moke,  Lt.-Col.  U.  S.  Corps  of  Engineers,  Brevet  Major-General  U 
Army. 

Gillmore  on  Roads. 

Seventy  Illustrations.   12mo.   Cloth.  $2.00. 

A  Practical  Treatise  on  the  Construction  of  Roads,  Streets, 
and  Pavements.  By  Q.  A.  Gillmore,  Lt.-Col.  U.  S.  Corps  oi 
Engineers,  Brevet  Major-General  U.  S.  Army. 

Gillmore's  Building  Stones. 

8vo.   Cloth.  $1.00. 

Report  on  Strength  of  the  Building  Stones  in  thb  Uniteb 
States,  etc. 

Holley's  Railway  Practice. 

1  vol.  folio.   Cloth.  $12.00. 

American  and  European  Railway  Practice,  in  the  Eco^oi'^ica 
Generation  of  Steam,  including  the  materials  and  construction  o 
Coal-burning  Boilers,  Combustion,  the  Variable  Blast,  Vaporization 
Circulation,  Super-beating,  Supplying  and  Heating  Feed-water,  &c. 
and  the  adaptation  of  Wood  and  Coke-burning  Engines  to  Coal 
burning ;  and  in  Permanent  Way,  including  Road-bed,  Sleepers 
Rails,  Joint  Fastenings,  Street  Railways,  etc.,  etc.  By  Alexanpei 
L.  Holley,  B.P.    With  77  lithographed  plates. 

TJ.seful  Information  for  Railway  Men. 

Pocket  form.  Morocco,  gilt.  $2.00. 

Con.piled  by  W.  G.  Hamilton,  Engine€r.    New   Edition,  Revise 
aud  F)ulaiged.    577  pages. 
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Stuart's  Civil  and  Military  Engineers  of 

America. 

8vo.  niustrated.  Cloth.  $5.00. 
The  Civil  and  Military  Engineers  of  America.  By  General 
Charles  B.  Stuart,  Author  of  Naval  Dry  Docks  of  the  United 
States,"  etc.,  etc.  Embellished  with  nine  finely-executed  Portraits 
on  steel  of  eminent  Engineers,  and  illustrated  by  Engravings  of  some 
of  the  most  important  and  original  works  constructed  in  America. 

Ernst's  Manual  of  Military  Engineering. 

193  Wood-cuts  and  3  Lithographed  Plates.   12mo.   Qoth.  $5.00 
X  Manual  of  Practical  Military  Engineering.    Prepared  for 
the  use  of  the  Cadets  of  the  U.  S.  Military  Academy,  and  for  Engineer 
Troops.   By  Capt.  O.  H.  Ernst,  Corps  of  Engineers,  Instructor  in 
Practical  Military  Engineering,  U.  S.  Military  Academy. 

Simms'  Levelling. 

12mo.  Cloth,  $a.50. 
A  Treatise  on  the  Principles  and  Practice  op  Levbllixo, 
showing  its  application  to  purposes  of  Railway  Engineering  and  the 
Construction  of  Roads,  etc.  By  Frederick  W.  Simms,  C.E.  From 
the  fifth  London  edition.  Revised  and  Corrected,  with  the  addition  of 
Mr.  Law's  Practical  Examples  for  Setting-out  Railway  Curves. 
Illustrated  with  three  lithographic  plates  and  numerous  wood-cuts. 

JefFers'  Nantical  Surveying. 

niustrated  with  9  Copperplates  and  31  Wood-cut  Illustrations.   8vo.   Cloth.  $5.0a 
Nautical  Surveying.    By  William  N.  Jeffeks,  Captain  U.  S. 
Navy. 

Text-book  of  Surveying. 

8vo.   9  Lithograph  Plates  and  several  Wood-cuts.    Cloth.  $2.00. 
A  Text-book  on  Surveying,  Projections,  and  Portable  Instruments, 
for  the  use  of  the  Cadet  Midshipmen,  at  the  U.  S.  Naval  Academy. 

The  Plane  Table. 

8vo.    Cloth.  $2.00, 

fT8  Uses  in  Topographical  Surveying.    From  the  paperi  of  th« 
U.  S.  Coast  Survey. 
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Chauvenet's  L-umar  Distances. 

8vo.   Cloth.  $2.00. 

New  Method  of  Correcting  Lunar  Distances,  and  Improved 
Method  of  Finding  the  Error  and  Rate  of  a  Chronometer,  by  equal 
altitudes.  By  Wm.  Chauvenet,  LL.D.,  Chancellor  of  Washington 
University  of  St.  Louis. 

Burt's  Key  to  Solar  Compass. 

Second  Edition.  Pocket-book  form.  Tuck.  $2.50. 
Key  to  the  Solar  Compass,  and  Surveyor's  Companion ;  comprising 
all  the  Rules  necessary  for  use  in  the  Field  ;  also  Description  of  the 
Linear  Siu'veys  and  Public  Land  System  of  the  United  States,  Notes 
on  the  Barometer,  Suggestions  for  an  Outfit  for  a  Survey  of  Four 
Mouths,  etc.    By  W.  A.  Burt,  U.  S.  Deputy  Surveyor. 

Howard's  Eartliwork:  Mensuration. 

8vo.  niustrated.  Cloth.  $1.50. 
Earthwork  Mensuration  on  the  Basis  of  the  Prismoidal 
FoRMULiE.  Containing  simple  and  labor-saving  method  of  obtaining 
Prismoidal  Contents  directly  from  End  Areas.  Illustrated  by 
Examples,  and  accompanied  by  Plain  Rules  for  practical  uses.  By 
Conway  R.  Howard,  Civil  Engineer,  Richmond,  Va. 

iMorris'  Easy  Rules. 

78  Illustrations.   8vo.   Cloth.  $1.50. 
Easy  Rules  for  the  Measurement  of  Earthworils,  by  means  of 
the  Prismoidal  Formula.    By  Elwood  Morris,  Civil  Engineer. 

Clevenger's  Surveying. 

Illustrated  Pocket  Form.  Morocco,  gilt.  $2.50. 
A  Treatise  on  the  Method  of  Government  Surveying,  aa 
prescribed  by  the  U.  S.  Congress  and  Commissioner  of  the  General 
Land  OflSce.  With  complete  Mathematical,  Astronomical,  and  Prac- 
tical Instructions  for  the  use  of  the  U.  S.  Surveyors  in  the  Field,  and 
Students  vpho  contemplate  engaging  in  the  business  of  Publ'e  Land 
Surveying.    By  S.  V.  Clevenger,  U.  S.  Deputy  Surveyor. 

Hews  on  on  Embankments. 

Svo.   Cloth.  $2.00. 

Principles  and  Practice  of  Embanking  Lands  from  Kivei 
Floods,  as  applied  to  the  Levees  of  the  Mississippi.  By  William 
IIewson,  Civil  Engineer. 
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Minifie's  Mecliaiiical  Drawing. 

Ninth  Edition.    Royal  8vo.    Cloth.  $4.00. 

A  Text-Book  of  Geometkical  Drawing,  for  the  use  of  Mecbanlci 
and  Schools.  With  illustrations  for  Drawing  Plans,  Sections,  and 
Elevations  of  Buildings  and  Machinery  ;  an  Introduction  to  Isometri- 
cal  Drawing,  and  an  Essay  on  Linear  Perspective  and  Shadows. 
With  over  200  diagrams  on  steel.  By  Willia.m  Minifie,  Architect. 
With  an  Appendix  on  the  Theory  and  Application  of  Colors. 

Minifie's  Greometrical  Drawing. 

New  Edition.   Enlarged.   12mo.    Cloth.  $2.00 

Geometrical  Drawing.  Abridged  from  the  octavo  edition,  for  tha 
use  of  Schools.    Illustrated  with  48  steel  plates. 

Free  Hand  Drawing. 

Profusely  Illustrated.   18mo.   Boards.   50  cents. 

A  Guide  to  Ornamental,  Figare,  and  Landscape  Drawing.  By  an 
Art  Student. 

The  Mechanic's  Friend. 

12mo.  Cloth.  300  Illustrations.  $1.50. 
The  Mechanic's  Friend.  A  Collection  of  Receipts  and  Practical 
Suggestions,  relating  to  Aquaria — Bronzing — Cements — Drawing — 
Dyes — Electricity — Gilding — Glass-working — Glues — Horology — Lao 
quers — Locomotives — Magnetism — Metal-working —  Modelling —  Pho- 
tography— Pyrotechny — Railways  —  Solders  —  Steam-Engine  —  Tele- 
graphy— Taxidermy — Varnishes — Waterproofing — and  Miscellaneous 
Tools,  Instruments,  Machines,  and  Processes  coiuiected  with  the 
Chemical  and  Mechanical  Arts.    By  William  E.  Axon,  M.R.S.L. 

Harrison's  Mechanic's  Tool-Book. 

44  Illustrations.    12mo.    Cloth.  $1.50. 
BlEcnAxtcs'  Tool  Book,  with  Practical  Rules  and  Suggestions,  for  th« 
use  of  Machinists,  Iron  Workers,  and  others.    By  W.  B,  Harrison. 

Randall's  Quartz  Operator's  Hand-Booli. 

12mo.   Cloth.  $2.00. 

Quartz  Operator's  IIand-Book.  By  P.  M.  Randali..  N«W 
«»Jitiou.  Revised  and  Enlarged.    Fully  illustrated 
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Joy-nson  on  Machine  Gearing. 

8vo.   Cloth.  $2.00. 

The  Mechanic's  and  Student's  Guide  in  the  designing  and  Con 
structionof  General  Machine  Gearing,  as  Eccentrics,  Screws,  Toothed 
Wheels,  etc.,  and  the  Drawing  of  Rectilineal  and  Curved  Surfaces. 
Edited  by  Fkancis  H.  Joynson.    With  18  folded  plates. 

Silver  smith's  Hand-Book. 

Fourth  Edition.   Illustrated.   12mo.   Cloth.  $3.00. 
A  Practical  Hand-Book  for  Miners,  Metallurgists,  and  Assajers. 
By  Julius  Silversmith.  Illustrated. 

Barnes'  Submarine  Warfare. 

8vo.   Cloth.  $5.00. 

Submarine  Warfare,  Defensive  and  Offensive.  Descriptions 
of  the  various  forms  of  Torpedoes,  Submarine  Batteries  and  Torpedo 
Boats  actually  used  in  War.  Methods  of  Ignition  by  Machinery, 
Contact  Fuzes,  and  Electricity,  and  a  full  account  of  experiments 
made  to  determine  the  Explosive  Force  of  Gunpowder  under  Water. 
Also  a  discussion  of  the  Offensive  Torpedo  system,  its  effect  upon 
Iron-clad  Ship  systems,  and  influence  upon  future  Naval  Wars.  By 
Lieut.-Com.  John  S.  Barnes,  U.S.N.  With  twenty  lithographic 
plates  and  many  wood-cuts. 

Foster's  Submarine  Blasting. 

4to.   Cloth.  $3.50. 

Submarine  Blasting,  in  Boston  Harbor,  Massachusetts — Removal  of 
Tower  and  Corwin  Rocks.  By  John  G.  Foster,  U.  S.  Eng.  and 
Bvt.  Miijor-General  U.  S .  Army.    With  seven  plates. 

Mowbray's  Tri-Nitro-Grlycerine. 

8m   Cloth.   Illustrated.  $3.00 
Tri-Nh  bo-Glycerine,  as  applied  in  the  Hoosac  Tunnel,  and  to  Sub- 
marine -Blasting,  Torpedoes,  Quarrying,  etc. 

Williamson  on  the  Barometer. 

4to.  Cloth.  $15.00. 
On  the  Use  op  the  Barometer  on  Surveys  and  Reconnais- 
sances. Part  I. — ^Meteorology  in  its  Connection  with  Hjrpsometry. 
Fart  n. — Barometric  Hypsometry.  By  R.  S.  Williamson,  Bvt. 
Lt.-Col.  U.  S.  A.,  Major  Corps  of  Engineers.  With  illustrative  tablet 
and  engravings. 
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Williamson's  Meteorological  Tables. 

4to.   Flexible  Cloth.  S2.50. 
Practical  Tables  in  Meteorology  and  Hypsometry,  in  connection 
with  the  use  of  the  Barometer.    By  Col.  R  S.  Williamson,  U.S.A. 

Butler's  Projectiles  and  Bified.  Gannon. 

4to.   36  Plates.   Cloth.  $7.50. 
Projectiles  and  Rifled  Cannon.    A  Critical  Discussion  of  the 
Principal  Systems  of  Rifling  and  Projectiles,  with  Practical  Sugges- 
tions for  their  Improvement.   By  Capt.  John  S.  Butler,  Ordnance 

Corps,  U.  S.  A.  

Benet's  Clironoscope. 

Second  Edition.   lUustrated.   4to.   Cloth.  $3.00. 
Electro-Ballistic  Machines,  and  the  Schultz  Chronoscope.  By 
Lt.-Col.  S.  V.  Ben^t,  Chief  of  Ordnance  U.  S.  A. 

Micliaelis'  Clironograpli. 

4to.   Illustrated.   Cloth.  $3.00. 
The  Le  Boulenge  Chronograph.   With  three  lithographed  folding 
plates  of  illustrations.    By  Bvt.  Captain  0.  E.  Michaelis,  Ordnance 

Corps,  U.  S.  A.  

Nugent  on  Optics. 

12mo.   Cloth.  $1.50. 
Treatise  on  Optics  ;  or,  Light  and  Sight,  theoretically  and  practically 
treated;  with  the  application  to  Fine  Art  and  Industrial  Pursuits. 
By  E.  Nugent.   With  103  illustrations. 

Peirce's  Analytic  Meclianics. 

4to.   Cloth.  $10.00. 

System  of  Analytic  Mechanics.    By  Benjamin  Peircb,  Pro- 
f  esaor  of  Astronomy  and  Mathematics  in  Harvard  University. 

Craig's  Decimal  System. 

Square  32mo.   Limp,  50c. 
Weights  and  Measures.    An  Account  of  the  Decimal  System,  with 
Tables  of  Conversion  for  Commercial  and  Scientific  Uses.    By  B.  F. 
Craig,  M.D. 
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It  is  the  intention  of  the  Publisher  of  this  Series  to  issue  them  at 
intervals  of  about  a  month.  They  will  be  put  up  in  a  uniform,  neat, 
and  attractive  form,  18mo,  fancy  boards.  The  subjects  will  be  of  an 
eminently  scientific  character,  and  embrace  as  wide  a  range  of  topics  aa 
possible,  all  of  the  highest  character. 

Price,  50  Cents  Each. 

1.  Chimneys  for  Furnaces,  Fire-places,  and  Steam  Boilers.  By 
R.  Armstrong,  C.E. 

IT.  Steam  Boiler  Explosions.   By  Zerah  Colburn. 

in.  Practical  Designing  of  Retaining  Walls.  By  Arthur  Jacob, 
A.B.    With  Illustrations. 

IV.  Proportions  of  Pins  Used  in  Bridges.  By  Charles  E. 
Bender,  C.E.    With  Illustrations. 

V.  Ventilation  of  Buildings.  By  W.  F.  Butler.  With  Tllustratinns. 

VI.  On  the  Designing  and  Construction  of  Storage  Reservoirs. 
By  Arthur  Jacob.    With  Illustrations. 

VII.  Surcharged  and  Different  Forms  of  Retaining  Walls. 
By  James  S.  Tate,  C.E. 

Vm.  A  Treatise  on  the  Compound  Engine.  By  John  Turnbull, 
With  Illustrations. 

IX.  Fuel.  By  C.  William  Siemkns,  to  which  is  appended  the  value  of 
Artificial  Fuels  as  Compared  with  Coal.  By  John  Worm* 
ald,  C.E. 

X.  Compound  Engines.  Translated  from  the  French  of  A.  Mallet. 
Illustrated. 

XI.  Theory  op  Arches.  By  Prof.  W.  Allan,  of  the  Washington  and 
Lee  College.  Illustrated. 

Xrr.  A  Practical  Theory  of  Voussoir  Arches.  By  William  Caw 
C.E  Illustrated. 
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Xin.  A  Practical  Treatise  on  the  Gases  Met  With  ix  Coal 
Mines.  By  the  late  J.  J.  Atkinson,  Government  Inspector  of 
Mines  for  the  County  of  Durham,  England. 

XIV.  Friction  OF  Air  in  INI  inks.  By  J.  J.  Atkinson,  author  of  "  A 
Tractical  Treatise  on  the  Gases  met  with  in  Coal  Mines." 

XV.  Skew  Arches.  By  Prof.  E.  W.  Hyde,  C.E.  Illustrated  with 
numerous  engravings  and  three  folded  plates. 

XVI.  A  Graphic  Method  fok  Solving  Certain  Algebraic  Equa- 
tions.  By  Prof.  George  L.  Vose.    With  Illustrations. 

XVII.  Water  and  Water  Supply.  By  Prof.  W.  H.  Corf i eld, 
M.A.,  of  the  University  College,  London. 

XVrn.  Sewerage  and  Sewage  Utilization.  By  Prof.  W.  H. 
Corfield,  M.A.,  of  the  University  College,  London. 

XIX.  Strength  of  Beams  Under  Transverse  Loads.  By  Prof. 
W.  Allan,  author  of  "  Theory  of  Arches."    With  Illustrations 

XX.  Bridge  and  Tunnel  Centres.  By  John  B.  McMastkbs* 
C.E.   With  Illustrations. 

XXI.  Safety  Valves.  By  Richard  H.  Buel,  C.E.  With  Illustra- 
tions. 

XXn.  High  Masonry  Dams.  By  John  B.  McMasters,  C.E. 
With  Illustrations. 

XXHI.  The  Fatigue  op  Metals  under  Repeated  Strains,  with 
various  Tables  of  Results  of  Experiments.  From  the  German  of 
Prof.  LuDWiG  Spangenberg.  With  a  Preface  by  S.  H.  Sureve, 
A.M.    With  Illustrations. 

XXIV.  A  Practical  Treatise  on  the  Teeth  of  Wheels,  with 
the  theory  of  the  use  of  Robinson's  Odontograph.  By  S.  W.  Robin- 
son, Prof,  of  Mechanical  Engineering,  Illinois  Industrial  University. 

XXV.  Theory  and  Calculations  of  Continuous  Bridges.  By 
Mansfield  Merriman,  C.E.    With  Illustrations. 

XXVI.  Practical  Treatise  on  the  Properties  op  Contintjous 
Bridges.    By  Charles  Bender,  C.E, 
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XXVII.  On  Boilkk  Incuustation  and  Corrosion.     By  J.  F.  Rowan. 

XXVIII.  On  Transmission  of  Power  by  Wire  Rope.  By  Albert  W. 
Stahl. 

XXIX.  Injectors  :  Their  Theory  and  Use.  Translated  from  the 
French  of  M.  Leon  Pouchet. 

XXX.  Terrestrial  Magnetism  and  the  Magnetism  op  Iron  Ships. 
By  Professor  Fairman  Rogers. 

XXXI.  The  Sanitary  Condition  op  Dwelling  Houses  in  Town  and 
Country,    By  George  E.  Waring,  Jr. 

XXXII.  Cable  Making  kok  Suspension  Bridges  as  Exemplified  in 
the  East  River  Bridge.  By  Wilhelm  Hildenbrand,  C.  E.  With 
Illustrations. 

XXXIII.  Mechanics  of  Ventilation.  By  George  W.  Rafter,  Civil 
Engineer. 

XXXIV.  Foundations.  By  Prof.  Jules  Gaudard,  C.  E.  Translated 
from  the  French,  by  L.  F.  Vernon  Harcourt,  M.  I.  C.  E. 

XXXV.  The  Aneroid,  and  How  to  Use  it.  Compiled  by  Prof. 
George  W.  Plympton.  Illustrated. 
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Fanning's  Water  Supply  Engineeriiig. 
8vo.  650  pages.  180  Illustrations.  Extra  cloth.  $6.00. 
A.  Practical  Treatise  on  Water  Supply  Engineering.    Relating  to 
the  Hydrology,  Hj'drodynamics,  and  Practical  Construction  of  Water 
Works,  in  North  America.    With  numerous  Tables  and  Illustrations. 
By  J.  T.  Fanning,  C.  E. 

Clark's  Complete  Book  of  Reference  for 
Mecliaiiical  Engineering. 
1012  pages.    8vo.    Cloth,  $7.50.    Half  morocco.  $10.00. 
A  Manual  of  Rules,  Tables  and  Data  for  Mechanical  Engineers. 
Based  on  the  most  recent  investigations.    By  Daniel  Kinnear  Clark. 
Illustrated  with  numerous  diagrams. 

Mott's  Chemists  Manual. 
650  pages.  Svo.  Cloth.  $6.00. 
A  Practical  Treatise  on  Chemistry  (Qualitative  and  Quantitative 
Analysis),  Stoichiometry,  Blowpipe  Analysis,  Mineralogy,  Assaying, 
Pharmaceutical  Preparations,  Human  Secretions,  Specific  Gravities, 
Weights  and  Measures,  etc.,  etc.,  etc.  By  Henry  A.  Mott,  Jr.,  E.  M., 
Ph.  D. 

Weyrauch.  on  Iron  and  Steel  Constrnctions. 

12mo.    Cloth.  $1.00. 
Strength  and  Calculation  of  Dimensions  op  Iron  and  Steel  Con- 
structions, with  reference  to  the  latest  experiments.    By  J.  J.  Wey- 
rauch.  Ph.  D.,  Professor  Polytechnic  School  of  Stuttgart,  with  four 
folding  plates.   

Osbnn's  Beil steins'  Cliemical  Analysis. 

12mo.    Cloth.    75  cents. 

An  Introduction  to  Chemical  Qualitative  Analysis.        F.  Beil 
stein.    Third  edition,  translated  by  I.  J.  Osbun. 

Davis  and  Rae's  Hand  Book  of  Electrical 
Diagrams. 

Oblong  8vo.    Extra  cloth.  $3.00. 
Hand  Book  of  Electrical  Diagrams  and  Connections.    By  Charles 
H.  Davis  and  Frank  B.  Rae,   Illustrated  with  32  full  page  illustrations. 
Second  edition. 
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Scribner's  Pocket  Table  Book. 
Tenth  Edition,  revised.  Pocket  form,  Eoan.  $1.50. 
Engineer's,  Contkactor'b  and  Surveyor's  Pocket  Table  Book. 
Comprising  Logarithms  of  Numbers  ;  Logarithmic  Sines  and  Tan. 
gents.  Natural  Sines  and  Natural  Tangents  ;  The  Traverse  Table; 
and  a  full  and  complete  set  of  Excavation  and  Embankment  Tables ; 
Together  with  numerous  other  valuable  Tables  for  Engineers  etc  By 
J.  M.  Scribner,  A.  M. 


Scribner's3Mechanic's  Companion. 

Eighteenth  Edition,  revised.    Pocket  form,  full  Roan.  $1.50. 

Engineer's  and  Mechanic's  Companion.  Comprising  United  States 
Weights  and  Measures  ;  Mensuration  of  Superfices  and  Solids  ; 
Tables  of  Squares  and  Cubes,  Square  and  Cube  Roots  ;  Circumfer- 
ences and  Areas  of  Circles  ;  The  Mechanical  Powers  :  Centres  of 
Gravity,  Gravitation  of  Bodies  ;  Pendulums,  Specific  Gravity  of 
Bodies,  Strength,  Weight  and  Crush  of  Materials,  Water  Wheels, 
Hydraulics,  Hydrostatics,  Statics,  Centers  of  Percussion  and  Gyra'- 
tion.  Friction,  Heat;  Tables  of  the  Weights  of  Metals,  Pipes,  Scant- 
lings, etc. ;  Steam  and  the  Steam  Engine.   By.  J.  M.  Scribner,  A.  M. 


Schiimann's  Heating  and  Ventilation. 

12mo.    Full  Roan.  $1.50. 

Heating  and  Ventilation,  in  their  Practical  Application  for 
THE  Use  of  Engineers  and  Architects  ;  embracing  a  series  of 
Tables  and  Formulas  for  Dimensions  of  Heating,  Flow  and  Return 
Pipes,  for  Steam  and  Hot  Water  Boilers,  Flues,  etc.,  etc.  By  F.  Schu- 
mann, C.  E.   With  illustrations. 


A  Guide  to  tlie  Determination  of  Rocks. 

12mo.    Extra  cloth.  $1.50. 
Being  an  Introduction  to  Lithology.      By  Edward  Jannettaz. 
Translated  from  the  French  by  Prof.  George  W.  Plympton,  C.  E. 
With  Dlustrations. 
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Shield's  Notes  on  Engineering  Constrnction. 
44  Illustrations.    13mo.   Cloth.  $1.50. 

EMBRACiNa  Discussions  01-  the  PRrNCtPLES  involved  and  Descrip- 
tions OF  THE  Material  Employed.  By  J.  E.  SMelds,  C.  E. 


Rose's  Pattern-Maker's  Assistant. 

250  Illustrations.    12mo.    Cloth.  $3.50. 

Embracing  Lathe  Work,  Bench  Work,  Core  Work,  Sweep  Work,  and 
Practical  Gear  Construction  ;  The  Preparation  and  use  of  Tools  ;  to- 
gether with  a  large  collection  of  useful  and  valuable  Tables.  By 
Joshua  Rose,  M.  E.,  author  of  "Complete  Practical  Machinist." 


Rankine's  Works. 
A  Manual  op  Applied  Mechanics.    Numerous  illustrations. 

Crown  8vo,  cloth  $5  00 

A  Manual  of  Civil  Engineering.    With  numerous  Tables  and 

illustrations.    Crown  8vo,  cloth   6  50 

A  Manual  of  Machinery  and  Millwork.    With  nearly  300 

woodcuts.    Crown  8vo,  cloth   5  00 

A  Manual  op  the  Steam  Engine  and  other  Prime  Movers. 

With  Diagram,  Tables,  and  illustrations.    Crown  8vo,  cloth  . .    5  00 

Useful  Rules  and  Tables  for  Architects,  Builders,  Engi- 
neers, Surveyors,  etc.    Crown  8vo,  cloth   3  50 

A  Mechanical  TEXT-Book  ;  or  introduction  to  the  Study  of  Me- 
chanics. By  Professor  Rankine  and  E.  F.  Bamber,  C.  E. 
Crown  8vo,  cloth   3  50 
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The  University  Series. 

No.  1.— On  the  Physical  Basis  of  Life.  By  Prof.  T.  H.  Huxlet, 
LL.D.,  F.R.S.  With  an  introduction  by  a  Professor  in  Yale  College. 
12mo,  pp.  36.    Paper  cover,  25  cents. 

Yo.  2. — The  Corelation  of  "Vital  axd  Physical  Forces.  By 
Prof.  George  F.  Barker,  M.D.,  of  Yale  College.  36  pp.  Paper 
covers,  25  cents. 

N'o.  3.— As  Regards  Protoplasm,  in  relation  to  Prof.  Huxley's 
Physical  Basis  of  Life.  By  J.  Hutchixson  Stirling,  F.R.C.S. 
72  pp.,  25  cents. 

No.  4.— On  the  Hypothesis  op  Evolution,  Physical  and  Meta- 
physical. By  Prof.  Edward  D.  Cope.  12aio,  72  pp.  Paper  covers, 
25  cents. 

No.  5.— Scientific  Addresses:— 1.  On  the  Methods  and  Tendencies 
of  Physical  Investigation.  2,  On  Haze  and  Dust.  3.  On  the  Scien- 
tific Use  of  the  Lnagination.  By  Prof.  John  Tyndall,  F.R.S. 
12mo,  74  pp.    Paper  covers,  25  cents.    Flex,  cloth,  50  cents. 

No.  6. — Natural  Selection  as  Applied  to  Man.  By  Alfred 
Russell  Wallace.  This  pamphlet  treats  (1)  of  the  Developemeut 
of  Human  Races  under  the  Law  of  Selection ;  (2)  the  Limits  of 
Natural  Selection  as  applied  to  Man.    54  pp.    25  cents. 

No.  7.— Spectrum  Analysis.  Three  Lectures  by  Profs.  Roscoe, 
HuGGiNS  and  Lockyer.  Finely  Illustrated.  88  pp.  Paper  covers, 
25  cents. 

No.  8.— The  Sun.  A  sketch  of  the  present  state  of  scientific  opinion 
as  resrards  this  body.  By  Prof.  C.  A.  Young,  Ph.  D.  of  Dartmouth 
College.    58  pp.    Paper  covers,  25  cents. 

No.  9.— The  Earth  a  Great  Magnet.  By  A.  M.  Mayer,  Ph.  D., 
of  Stevens'  Institute.  72  pp.  Paper  covers,  25  cents.  Flexible 
cloth,  50  cents. 

No.  10.— Mysteries  op  the  Voice  and  Ear.  By  Prof.  O.  N.  Rood, 
Columbia  College,  New  York.  Beautifully  Illustrated.  38  pp. 
Paper  covers,  25  cents. 
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